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ABSTRACT
PRE-HOSPITAL AIRWAY MANAGEMENT:
A Comparison of
Esophageal and Endotracheal Intubation .
Roger Morgan Phillips
1984
In the late 1960's, a new method for advanced airway management in the
pre-hospital setting, the esophageal obturator airway(EOA), was intro
duced. Ever since, it has been the subject of much discussion over
whether it was an effective replacement or alternative to the device
traditionally used for airway protection, the endotracheal(ET) tube.
Much of the comment has been in the form of personal opinion and anecdo
tal reports.
Each device is in use by paramedics operating out of two hospitals in
southern Connecticut, the EOA at Yale New Haven Hospital and the ET at
Norwalk Hospital. The ambulance and emergency room records at both in
stitutions were examined for a six-month period in 1983 to see if the
efficacy of the two techniques could be compared in any meaningful way.
In two similar groups of patients requiring out-of-hospital intuba
tion , there was no statistically significant difference in overall sur
vival rates (22%-ET; 20.5%-EOA), nor in the incidence of complica
tions (22 .6%-ET intubated, 25%-EOA intubated), with ET tubes and those
intubated with EOAs. However, there was a difference in intubation suc
cess, with the ET airway being successfully placed by the paramedics at
Norwalk 74% of the time, compared with successful placement of the EOA
only 57% of the time at Yale. And the incidence of failure to intubate
when clinically indicated was as high as 18% at Yale, compared to 10% at
Norwalk.
Although the adequacy of ventilation was not demonstrated to be sta
tistically different for EOAs versus ETs, there is a suggestion in the
arterial blood gas data that the ET may provide "clinically" better ven
tilation than the EOA.
Equally significant was the finding that overall adequacy of ventila
tion, with either device, in the prehospital period was disappointingly
low: 21% at Norwalk, 8% at Yale (no significant difference between cen
ters at P>.05) .
A review of experience data of the various rescue services showed
that there were insufficient opportunities, in most cases, to intubate
in the field (that is, there are more paramedics working in these areas
than there are patients requiring out-of-hospital intubation), thus
placing a heavy burden on the supporting hospitals to provide sufficient
experience in the hospital for the paramedics to maintain adequate intu
bation skill levels.
This study concludes that the ET airway should probably be the
first-line device employed for prehospital airway management, when re
sources and patient density are sufficient to maintain adequate skill
levels. The EOA should be used as a second-line device, when logistics
do not permit use of the ET airway, or as the primary airway in areas
with insufficient population and ambulance call density to support the
ET training protocol. The EOA, properly inserted and managed, can be as
effective as the ET airway.
But, more importantly, skill levels of paramedics using both devices
need to be upgraded significantly (the use of the EOA more so than the
ET tube). And, the EOA should no longer be considered a "simple, easy-
to-use" device.
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PRE-HOSPITAL AIRWAY MANAGEMENT:
A Comparison of
Esophageal and Endotracheal Intubation.
Chapter 1
INTRODUCTION
Historical Perspective , Evolution and Evaluation
1.1 DEVELOPMENT OF PRE-HOSPITAL AIRWAY MANAGEMENT TECHNIQUES
The traditional in-hospital procedure for managing the airway in criti
cally ill patients who go into respiratory or cardiorespiratory arrest
is the endotracheal (ET) tube airway (Figure 1).
Since its introduction one hundred years ago by William Macewen, it
has been considered standard therapy for airway management and control
and its efficacy demonstrated beyond a doubt.
However, also traditionally, its use has been limited to in-hospital
patients intubated by MD-personnel (recently, also nurse-anaesthetists).
Intubation is considered to be a difficult skill to learn well, requir
ing knowledge of head, neck, throat, and thoracic anatomy and respirato
ry physiology. The procedure is known to carry with it some fairly se
rious risks'27 «4 46 53 69 70 71 76 79>, and that is also why its use is
restricted to a highly-trained few.
The trend in the rapid development of emergency care over the past
twenty-five years is to take more and more of the hospital's advanced
technology out to the patient in Mobile Intensive Care vehicles, staffed
by paramedics with training in advanced life support (ALS) measures
- 1 -
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Figure 1: The Endotracheal Tube Airway*2 > ©C.V.Mosby Co.
3which allow them to serve as extension of the emergency physician in the
patient's home or at the scene of an accident.
Paramedics carry powerful drugs, defibrillating shock equipment once
only found in hospital emergency rooms. Despite the fact that adequate
ventilatory support has been demonstrated to be "a vital component to
effective circulatory support" by Fillmore'33 ' , and others, and ET tubes
have frequently been advocated for pre-hospital use'21 33 51>, the one
hospital device that has been slow to find its way into the field is the
endotracheal (ET) tube for definitive airway protection and management.
It had enjoyed brief use'21> in the days before it was determined not to
be cost-effective to have doctors riding on ambulances. When the doc
tors left, so did the ET tubes.
Closed-chest cardiopulmonary resuscitation (CPR) techniques ' 59 ) ,
first introduced in the late 1950 's, used mouth-to-mouth ventilation
(substituting the work of the rescuer's lungs) or adaptations of the
standard anaesthesia masks and bag-reservoirs to provide
artificial respiration in the pre-hospital setting. A technical inno
vation was the development of manually-cycled ( Elder or Robertshaw )
"demand" valves to deliver 100% oxygen under moderately high pressure
through conventional face masks, to effect better lung inflation and
blood oxygenation with less physical effort by the rescuer. But, ET in
tubation, even though it was an accepted in-hospital procedure,
was considered too risky and too difficult to teach to non-physicians to
use in the field.
Without a protected airway, air passes not only into the lungs, but
also into the esophagus and stomach. Gastric distention, with conse-
4quent regurgitation and aspiration of vomitus into the trachea and bron
chi, was a common complication of artificial respiration. Additionally,
a substantial portion of the volume of oxygen, as well as the work re
quired to pump it (especially tiring for rescuers doing mouth-to-mouth
resuscitation), was wasted inflating the stomach.
In 1968, T. A. Don Michael announced, in The Lancet <26>, the devel
opment of a "mouth-to-lung airway" for cardiac resuscitation. As shown
in Figure 2, the "airway" is essentially a "long" ET tube which has been
plugged at the distal end, into which a series of holes has been cut
along the sides. The proximal end of the tube passes through a trans
parent face mask, which seals against air escape and also allows the
rescuer to observe any vomitus in the oropharynx. The tube has a fit
ting to mate with standard ventilation connectors. There is a bulb (now
replaced by a volume-limited syringe) and a second balloon to reflect
the pressure of the distal cuff to the rescuer. The advantage, accord
ing to its proponents, of the EOA is that its path of insertion follows
the natural contours of the oro-, retro- and hypo-pharynx, past the py-
riform sinus and "automatically" into the esophagus, thus avoiding the
trachea. When the tube is properly placed, the distal cuff is inflated
to obstruct the lower esophagus, at a point below the carina, so as not
to impinge on the airway. This, of course, not only prevents air from
distending the stomach, but also prevents gastric contents from reaching
the patient's airway. The air holes are then situated just above the
epiglottis, in the hypopharynx, and, ideally, behind the tongue, where
air can pass directly into the larynx.
"Mouth- to-Lung" airway,
(T. A. DonMichael, 1968) (26>
Esophageal Obturator Airway(EOA)
(DonMichael & Gordon, 1973) (32)
Esophageal Gastric
Tube Airway (EGTA)
(Gordon, 1977)<33>
Figure 2 : The Evolution of the Esophageal Airway
6The announcement of the new EOA came at a time when the U.S. Depart
ment of Transportation was developing standards for the medical upgrad
ing of the country's ambulance and rescue services'75*. With most medi
cal authorities opposed to the idea of the new Emergency Medical Techni-
cians(EMT), with little more training than Red Cross Advanced First Aid,
being trained and permitted to intubate critically ill patients with ET
tubes in the uncontrolled out-of-hospital environment, the EOA quickly
found a great many advocates in the field of emergency services. Its
use became a standard part of the training protocol for even the basic
level of EMT, the EMT-Ambulance . Although EMT-As are no longer author
ized to intubate with the EOA in South Central Connecticut, that wasn't
the case ten years ago. In Southwestern Connecticut, however, EMT-As
are authorized to intubate esophageally .
Subsequent refinement and improvments of the EOA have included (see
Figure 2) :
» blunting the tip to reduce the chance of esophageal injury,
• enlarging the mask to cover the nose,
• changing from a hard-edged mask, which was difficult to seal over
facial contours, to an inflatable seal that is more form-fitting,
• and most recently, in a version called the esophageal-gastric tube
airway(EGTA) <37 * , providing a lumen through which to pass a suction
catheter into the stomach to remove air and contents. (In the
EGTA, air passes through the nose and, to a lesser extent, through
the mouth, with the tube acting like an oropharyngeal airway.)
In the mid-1970s, in part because of large number of military medics
returning to civilian life after the Vietnam War, ambulance and rescue
7squads were further upgraded (more rapidly in some parts of the country
than others) to EMT-Paramedic level'15 16). EMT-Ps train for at least
six months full-time (longer, if part-time), are trained to administer
life support and cardiac drugs, start intravenous lines, defibrillate
the heart, manage shock with fluid therapy and MAST suits, and intubate
with an endotracheal tube in the field as in the hospital.
1.2 THE EOA-VS-ET CONTROVERSY
Since the first commercially manufactured EOAs came into use<32>, over
ten years ago, opponents and proponents seem to have rushed to line up
on the side of their favorite device, EOA or ET, often with little more
to support their view than tradition, enthusiasm, and feelings'8 65>. A
summary of the "Pros & Cons" for both devices, from both sides of the
controversy, can be found in Table 1. Each side claims to have data to
support their position but several reviews in recent years have ques
tioned these studies'12 20 27 31>.
A frequent argument used by one side against the other's device is
the "horrendous" complications risked by using it. Some of these cita
tions are summarized on the following Table 2:
TABLE 1
Pros and Cons : Esophageal Obturator vs. Endotracheal Airways
Pro Esophageal Obturator Airway Pro Endotracheal Tube
[reference]
[23,26,76] Prevents gastric
dilatation.
[23,26,76] Blocks aspiration.
[22] Inserted successfully 92%
on first try.
[65,23] Easily inserted in five
seconds or less.
[55,62] No difference in P02.
[65,47,22] Low complication rate.
[22] No difference in ultimate
survival .
[26] Eliminates wasted effort
inflating stomach.
[reference]
[76] Prevents gastric distention &
aspiration.
[76] Permits suction of lower airway.
[46,64] Inserted successfully 96.6%
on first try.
[21] Can insert within 15 seconds.
[5,55,62] Better 02 and PC02 .
[76] Obvious direct airway.
[70] Can intubate semi-conscious;
even tolerated by conscious pt.
[5,46] Can be operated single-handed
during transport.
[21,60] Can intubate children.
Con Esophageal Obturator Con Endotracheal Tube
[11] Variable airway press. [22] 15% insertion failure.
[11,63,64] Difficult to place. [22,76,78] Difficult to learn.
[11] 20% malplaced in trachea. [27] Esophageal malplacement .
[11] No advantage vs. oropharyn- [22] No difference in survival:
geal(C-tube) airway.
[11] Air ports occluded by
tongue and pharynx.
not worth extra effort.
[27] Many complications: low risk,
but high mortality.
[5,46] Need both hands to
stabilize airway.
[5,11] Mask seal inadequate.
[5] Inadequate ventilation.
[64] Not "field tested".
[70,75] Can only use on unconscious patients.
[67,77] Can't use on children.
[21,22,46] Need advanced training,
constant re-training, and
close medical supervision.
TABLE 2
Complications Cited by Other Investigators
Esophageal Airway vs. Endotracheal Tube
1
[reference] [reference]
[11,24,48,80] Inadvertant
tracheal placement;
possible tracheal rupture,
and pneumothorax.
[13,43,47,48,72] Esophageal tear/
perforation; subcutaneous
emphysema, abcess, etc.
[43,81] Esophageal perforation
using "Thumper" resuscitator .
[19,43] Gastric rupture.
[47] Pyriform sinus trauma;
pharyngeal trauma.
[11] Poor mask-to-face seal.
[63] Delay inserting.
[5] Hypoxia, hypercarbia.
[27,76] Inadvertant
esophageal placement.
[71,79] Pneumothorax.
[21,69,71,79] Tracheal perforation;
subcutanenous emphysema,
pneumomediastinum.
[27,53] Esophageal tear/perforation.
[71] Distal airway rupture.
[53,71] Abcess, edema, tracheal
stenosis from perforation.
[70] Poor cuff seal & high pressure;
leading to erosion(=<95%) .
[76] Over-insertion into right
main-stem bronchus.
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1.3 THE STUDY
1.3.1 Design difficulties
A review of the literature points out several difficulties with many of
the studies done in the past attempting to support or reject one or the
other of these modalities, or occasionally to attempt to compare them.
For example, Bryson, et. al.(11) compared EOA with OPA(oropharyngeal
airway or C-tube) in ten cases and found no difference in efficiency.
However, the study was done on anaesthetized patients, not arrested pa
tients in the field, and he did not compare ET tubes.
A recent study by Auerback'5' compared 43 EGTA intubations by pa
ramedics in the field, with subsequent replacement of the EGTA with an
ET tube by emergency room physicians under hospital conditions. He con
cluded that ET tubes produced better ventilation, but as T. A. DonMicha
el points out'20', this does not demonstrate that ET tubes would be su
perior in the field.
In contrast, Meislin'55>, also comparing EOAs in the field with ETs
in the hospital, concluded that there was no difference in ventilatory
effectiveness in a study of 22 patients. And another similar study of
18 patients, by Schof ferman' 62 ' , showed very little improvement when
field-placed EOAs were re-placed by ET tubes in the hospital. Don Mi
chael'20 ' argues that Schofferman' s data could be construed to demon
strate the superiority of EOAs.
Many studies have small samples (<25). One<56> compared tidal vol
umes obtained with EOAs and ETs, but on cadavers in the laboratory. An
other'39 > measured P02(but not PC02) comparing ETs and EOAs ... in dogs.
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Still another concluded that the EOA was "preferred" <65 > , but offered no
data whatsoever to support this. Several studies failed to take into
account the evolution and recent improvements in EOA design; e.g the
inflatable mask and the EGTA.
None of the studies addressed the logistical issues of how to provide
adequate initial training, or supply the need for continuing training
and practice for maintenance of effective skills.
1.3.2 Data Sources
To address some of these issues, this study compares the experiences us
ing ET tubes versus EOAs from two hospitals in southern Connecticut. At
one, Norwalk Hospital, the hospital-based paramedics have been intubat
ing endotracheally(ET) for over seven years. At the other, Yale New
Haven Hospital, the paramedics in the community (the hospital does not
operate its own ambulance service) are only authorized to perform eso-
phageal(EOA) intubation.
Except for differences in total population served, both hospitals are
located in roughly similar geo-politico-socio-economic areas, and it was
felt that this would provide roughly similar patient pools from which
cases would come.
12
TABLE 3
Background Information
Norwalk Yale-New Haven
Hospital Hospital
Beds ... 427 863
ER Visits/year . . . 38,000 89,000
Ambulance/rescue squads .... 8 20
(primary area)
Number of Paramedics .... 10 50
(or equiv.) 110
Population served . . 150,000 450,000
(primary area)
(secondary area) . . 250,000 600,000
Patients in Study .... 72 180
1.3.3 Norwalk Hospital
Norwalk Hospital is a 427-bed, tertiary care facility located in Norwalk
(Fairfield County), Connecticut, about 35 miles southwest of New Haven,
and 50 miles northeast of New York City. It is a former mill town, lo
cated on the mainline to Boston. While it is at the edge of the "bed
room" communities of suburban New York, it retains much of its "blue
collar" flavor, with substantial poor and ethnic neighborhoods. The
more affluent towns around it are predominently "white collar".
The hospital serves an area containing about 150,000 people, with
some overlap with the hospitals in Stamford, Danbury, and Bridgeport.
Its emergency room had 38,000 visits last year, of which half, July thru
December, were reviewed for this study.
Ten EMT-Paramedics are employed by the hospital-based and operated
mobile emergency service(MES) . Seven part-time-paid or volunteer rescue
13
companies serve the towns of Darien, New Canaan, Wilton, Weston, and
Westport. The EMTs in these rescue companies are trained and authorized
to intubate with the EGTA. When they have a "Code" call, the hospital
paramedics (Unit 63), arrange to intercept the incoming ambulance to re
duce the delay in rendering advanced life support (ALS) to the patient.
A few of the non-hospital EMTs are trained to start IV lines, but for
the most part, they are all trained to current D.O.T.
EMT-A(mbulance) < 75 » level. The EMT-As are trained and authorized to in
tubate with the EGTA.
1.3.4 Yale New Haven Hospital
Yale New Haven Hospital is a 863-bed, tertiary care facility, and region
trauma center located in New Haven, Connecticut, about 35 miles south of
Hartford, and one-third of the way from New York to Boston. The hospi
tal is affiliated with the Yale University School of Medicine. New
Haven is also a working class town with large poor and ethnic neighbor
hoods, and, of course, a significant academic population.
The hospital serves a primary area of approximately 450,000, and a
secondary area of another 150,000, for a total of 600,000. There are
fifteen towns in the primary area, and another eight added to make up
the secondary area. It shares these obligations with one other major
hospital and two minor hospitals in its primary area.
Yale's emergency room served approximately 89,000 patients last year.
The same six months, July thru December, were reviewed at Yale for this
study.
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There are a total of 160 EOA-certified EMTs in Yale's primary area.
Fifty of them are EMT-Paramedics (or the equivalent in training and cer
tification) and the other 110 are EMTs with ALS and/or
EOA/IV(intravenous therapy) training. Paramedics are not authorized to
intubate endotracheally in this area, although many of the EMT-Ps have
been trained to do so.
There are twenty ambulance organizations serving this area. Most are
staffed by full- or part-time paid personnel, but a few are volun
teer. Some squads (e.g. New Haven Fire Dept, New Haven Ambulance Serv. ,
and others) are predominantly staffed with EMT-Ps or EMT-IVs. Other
companies, in less built-up areas, may have only a few.
++++++++++++++++++++++++++++++-1-1-+++
Chapter 2
STUDY DESIGN, DATA COLLECTION, & TREATMENT PROTOCOLS
Ambulance run records and, occasionally, hospital ER charts were re
viewed, retrospectively, for the six months from July through December
1983. Ambulance runs account for roughly 15% to 25% of all emergency
room visits at the two hospitals. Eventually, 252 patients, 71 from
Norwalk and 181 from Yale, met the criteria for admission to the study.
2.1 ADMISSION CRITERIA
1. Out-of-hospital cardiac arrest, AND/OR
2. Out-of-hospital respiratory arrest, AND/OR
3. Intubated (for respiratory distress)
A small number of unusual situations were included in the database.
4. Patients DOA(dead on arrival) at the scene, mortally wounded, or
DNR (do not resuscitate, e.g. terminally ill) were entered in the
study if efforts were made to resuscitate them, but NOT entered
if resuscitation was not begun.
5. Patients not intubated, who nevertheless has clear (documented)
clinical indications for intubation (whether or not there were
also supervening contraindications) were entered in the study.
These patients fell into two catagories:
a) unsuccessful intubation attempts, or
b) intubation not attempted.
These criteria, then, formed the "input" of cases.
- 15 -
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2.2 DATA COLLECTION FORM
To record the input, intervention, and outcomes, a data reduction form
(Figure 3) was composed, and was printed on a card with punched holes
around the edge, the purpose of which was to enable "coding" of data
(for later sorting and analysis of frequency, etc.) by "notching" the
appropriate holes. The cards are kept randomly filed, with all data
points equally accessible, and sorted by passing a steel rod through the
card pack. To demonstrate, a "fictional" case has been entered and en
coded. (Retrieval and manipulation with this unsophisiticated system,
for this database [n<300] , was less time-consuming than the equivalent
operations using the Yale computer.)
It should be noted that, at this stage, a number of patients were
eliminated from the study because their ambulance and/or emergency room
medical records were not complete enough to provide reliable data. Ad
ditionally, quite a few data points are missing, resulting in a variety
of n*values in different parts of the data, again because of frequently
spotty record-keeping on the ambulance run forms.
In some cases, it was possible to "de-brief" (some weeks after the
event) an ambulance crew member to fill in some of the gaps in the re
cord, and on occasion to add information beyond that required by the run
form.
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Figure 3: Data Reduction Card
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2 . 3 PROTOCOLS
The medical protocols in effect, by which patients may be intubated un
der medical control, were originally developed by each hospital indepen
dently, but have since been incorporated into regional protocols under
the Southwestern Connecticut (for Norwalk)*60 68> and the South Central
Connecticut (for Yale New Haven) (67> Regional Emergency Medical Servi
ces Councils. The sections from the South Central Connecticut regional
protocols (courtesy of C. C. Baker, M.D.) which refer to airway manage
ment are excerpted in Appendices A and B, for reference.
The indications for EOA and ET intubation are similar. However, the
differences in indication point up some of the differences in the de
vices .
• Cardiopulmonary arrest is a common indication for both.
• The ET is indicated for respiratory depression or distress, with a
DECREASED gag reflex, whereas;
• The EOA is indicated in such cases only if the gag reflex is
ABSENT.
(The ET intubation protocols at Norwalk Hospital call for intubation to
treat "respiratory distress" if tidal volume[TV] is less than 400 cc.
After completing their training, the paramedics are expected to be able
to make a "clinical judgement" as to whether the patient is moving
enough air or not, regardless of the patient's level of consciousness or
active gag reflex. To this end, the ambulances carry Cetacaine spray
and Lidocaine jelly in the drug box. Training protocols very similar to
those in use at Norwalk Hospital are described by L . M. Jacobs*46 fa
citing his experience with the Boston city paramedic system.)
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• Both are indicated to prevent aspiration of gastric contents, pro
vided;
• in the case of the EOA, there is no gag reflex.
• The presense of a foreign body obstructing the upper airway is a
contraindication for both.
• The EOA is indicated in cases of suspected cervical spine injury
(because it has been held that the EOA can be "blindly" inserted
without flexing the neck), whereas;
• The ET tube is contraindicated, because of the need to hyperextend
the neck in order to intubate under direct vision with the laryngo
scope .
• A basilar skull fracture, or any injury leading to blood or fluid
in the oropharynx, and facial injuries which impair the mask seal,
are all contraindications to the use of EOAs, whereas;
• the ET tube, which seals the trachea below the vocal cords and pro
vides a totally isolated airway through the passages of the throat
and mouth, is definitely indicated .
• Finally, the EOA is contraindicated for use in children under 16
(or in small adults where there would be an anatomical obstruc
tion) , whereas
• ET tubes are available in diameters small enough to intubate prema
ture infants.
• Both protocols call for each intubation attempt to take no longer
than fifteen seconds, and;
. no more than two attempts to intubate before the attempt is aban
doned and the airway is managed by another method.
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2.4 OUTCOMES
Outcomes were divided into four catagories:
1. Survival - For the purposes of this study of pre-hospital airway
management, survival means leaving the emergency room alive. Pa
tients who succumbed before reaching the hospital (DOA) . or who
were pronounced dead after being treated in the ER (DER) were
classified as died. Thus, "admit" = survived and "DOA/DER" =
died .
Patients "surviving" to leave the ER were almost invariably admitted to
one of the intensive care units of the hospital (indicated on the data
reduction form as "admit"). There are many, many factors, for the pa
tient who has suffered a cardiac arrest, that affect ultimate survival
to discharge from the hospital, and even survival in the ER to be admit
ted to the ICU. In a retrospective study, such as this one, it would be
impossible to control for even a few of them.
2. Successful Placement - Another point of contention has been
whether one device is more difficult to insert than the other.
Along with whether the respective airway was successfully insert
ed, the number of tries ("attempts"), successful or not, was re
corded.
3. Complications - This issue seems to have generated the most
heat, if not light, in the dialogue in the literature since the
announcement of the EOA. With only a modest number (n=252) of
cases, and the low rates reported in the literature (summarized
in Chapt. 1), it was not clear that there would be sufficient
complications to generate more than anecdotal data.
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Since delay has been demonstrated to be a significant complication in
emergency response in general (and not just airway management) which af
fects the patient's viability upon reaching the hospital*9 15 16 28 30
41 74), an attempt was made to record the chronology of each ambulance
run. However, the record of times kept on the "run" forms, especially
in the EOA(Yale) group, were found to be so erratic as to be useless.
4. Effective Ventilation - This is really the key question. With all
the uncontrollable circumstances that affect ultimate survival,
does one ventilation method (EOA or ET) deliver the patient into
the care of the hospital in better condition, to get full advan
tage of the advanced interventions available there?
To this end, arterial blood gas values of patients entered in the study
were recorded. Since it was important to know ventilatory status prior
to reaching the hospital, and not after the patient's condition had been
altered by the interventions of ER personnel, an arbitrary cutoff was
set at fifteen minutes (to allow a few minutes for transport and pro
cessing of the blood sample) for a sample to be considered indicative of
the pre-hospital state. Any sample logged in later than fifteen minutes
after the ER arrival time noted on the ambulance form was considered to
be probably more indicative of in-hospital rather than pre-hospital (am
bulance) treatment, and was not recorded in the study.
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2.5 ESOPHAGEAL GASTRIC TUBE AIRWAY (EGTA)
As mentioned, EMT-As, working in the towns surrounding Norwalk, intubate
with the EGTA. Only 5 patients intubated with EGTAs were not re-intu-
bated, at an intercept with the paramedic unit, with an ET tube, and
none of these five were in the group sampled for ABGs. Therefore, the
only outcomes recorded for patients initially intubated with EGTAs by
EMT-As(Norwalk) are:
1. intubation (successful/unsuccessful/not attempted),
2. complications, and
3. contraindications.
No useful data on survival or adequacy of ventilation with the EGTA was
recorded in this study.
Chapter 3
OBSERVATIONS AND ANALYSIS
3.1 APPROACH TO THE DATA
Tables 3 through 16 summarize the data. Relatively simple statistical
analyses were applied to the straightforward data, such as "demograph
ics", which attempt to determine whether the groups are fundamentally
equivalent or not.
The problem with retrospective studies involving independent samples
of different sizes, and with multiple independent variables impinging,
with various degrees of importance, on the relationship between inter
ventions examined and outcomes recorded is that conventional statistics,
based on ideally random inputs and outcomes, can be, at best, irrele
vant, and, at worst, misleading.
The most productive way to deal with such interactions is through ad
vanced statistical techniques, such as stratification of covariates and
adjustments. An even more useful, and also sophisticated technique, is
a special case of adjustment, covariate modeling.
By constructing and validating a mathematical model of the ef
fects of covariates on outcome, the investigator can remove
the effects of covariates from the observed results, leaving
nearly pure treatment effects... Guiding the investigator in
the appropriate choice of a model is an important part of the
statistician's contribution to a collaborative research ef
fort. Developing a model that is relatively simple and fits
the data well requires substantial experience.
P. W. Lavori, et al( 50 >
- 23 -
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Covariate modeling is beyond the scope of this study, and for that
matter, the ability of the author. For this reason, it was decided not
to do complete elementary testing for statistical significance on some
of the data felt to be most susceptible to uncontrolled independent
variables. As will be discussed later (Section 3.7), some trial testing
was done on portions of this data just to convince ourselves how strange
the resulting numbers would look.
The "chi-square" and "Student's t-test" (Fischer ' s modification for
independent samples) were calculated, as appropriate, for the tables
which follow. The P-value was set no lower than 0.05 (Lower P-values
look more certain, but, in the balance of statistics, what one is cer
tain of becomes less and less definite).
Several assumptions have been made in setting up this study and the
data analysis:
1. that socioeconomic, environmental, ethnic factors tend to be sim
ilar, if not controlled, in the areas served by the two hospitals
and their paramedic units;
2. that access to medical care, and the quality of that care itself,
is equivalent (Norwalk is in the constellation of Yale Medical
School affiliated hospitals);
3. that, at least in basic terms, the training and medical supervi
sion of the paramedics at the two hospitals is similar (This will
be discussed again when looking at intubation and complication
rates) ,-
4. that many of the independent variables of past medical history,
underlying pathology, etc. have been "evened out" by looking at
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253 patients in a six month period (Even so, some "n"s are small
enough to question how far one dare generalize from them.);
5. that, again because of a moderately large total "n", other selec
tion biases are roughly equal.
3 • 2 DEMOGRAPHICS
To attempt to address these assumptions, Tables 4, 5, and 6 compare the
distribution of sex, age, and etiology of arrest, respectively, for the
two groups. There are a total of 252 patients in this study, 72 (29%)
are from Norwalk Hospital, and 180 (71%) are from Yale New Haven Hospi
tal. Expectedly, there are more than twice as many cases from Yale as
from Norwalk; Yale's primary service area is roughly two and one half
times the size of Norwalk1 s, but there is also another major hospital
only a few blocks away from Yale.
Also, expectedly, there are more males in the study that females.
The two groups are (at P>.05) statistically identical for sex propor
tion.
Table 5 reports a slightly older total patient group from Norwalk.
However, there is no statistical difference between the male subgroups,
and very little difference (.05>P>.01) between the female subgroups.
The two groups, in total, may be considered essentially equivalent.
Table 6 reports the incidence of the causes of cardiorespiratory ar
rest in the two groups as recorded on the ambulance sheet or ER chart.
The overall "save" rate is 39% at Norwalk and 30% at Yale. The survival
rate from cardiac arrest, the most common cause of arrest, is 17% over
all; the survival rate is 19% at Norwalk and 16.6% at Yale.
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TABLE 4
Distribution of Patients I : by sex
by sex: ET (Norwalk) EOA (Yale) ALL Pts.
n = | % All n = | % All n =
Men
(%-tot)
47 |
1 (29.7)
(66.2)|
110 |
1 (70.3)
(61.3) |
157
(62.7)
Women
(%-tot)
25 |
1 (25.5)
(33.8) |
70 |
1 (74.5)
(38.7) |
95
(37.3)
Total 72 |
1 (29.1)
180 |
1 (70.9)
252
[P>.05]
TABLE 5
Distribution of Patients II: by age
by age : ET (Norwalk) EOA (Yale) ALL Patients t-test
years mean | range mean | range mean | range P =
Men 61.5 |
I 22-89
(n=46) |
58.7 |
| 3m-91
(n=104) |
59.5 |
| 3m-91
(n=150)|
P>.05
Women 64.5 |
I 33-85
(n=24) |
62.5 |
I 13d-92
(n=69) |
63.0 |
I 13d-92
(n=93) |
.05>P>.01
Total 62.5 |
I 22-89
(n=70) |
1
60.2 |
| 13d-92
(n=173) |
1
60.8 |
I 13d-92
(n=243)|
1
.05>P>.02
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A multi-axis (multi-variate) chi-square analysis (df=30) yielded
P>.05 in all axes. In other words, the two groups, based on the inci
dence of intubation-indicating illness, are statistically equivalent.
In the other catagories, respiratory arrest (usually due to pulmonary
edema or drug overdose) accounted for 13% of the cases, with slightly
more from Yale. In the other catagories, Obstruction , including drown
ing and "cafe coronaries" (choking) . was 5% (Yale > Norwalk); Trauma 9%
(Yale > Norwalk); Shock 1% (Yale > Norwalk). The No Arrest(respiratory
distress) catagory, which was 12% of the total, represented 22% of Nor
walk 's cases, but only 7% of Yale's. This may be due to the fact that
an ET tube may be placed in the non-arrested person for respiratory dis
tress under a more flexible protocol than may the EOA.
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TABLE 6
Etiology of Arrest
Norwalk (ET) Yale EOA) ALL Patients
n= I %
I tot
surv| %
1 n
r,— 1 *>,n- | -&
|tot
surv| %
1 n
v,— 1 <in- | -s
|tot
surv| %
1 n
Cardiac 42 |
158%
8 I
1 19%
108 |
160%
18 |
1 17%
150 |
I 60%
26 |
117%
Respiratory 7 I
1 10%
3 I
|43%
27 |
1 15%
15 |
156%
34 |
113%
18 |
153%
Obstruction
(incl drown 'g)
2 I
1 -> 0
o 1
1 o
10 |
1 59-1 ZJ-o
3 I
j 33%
12 |
1 5%
3 |
125%
Trauma
Shock
Unkn. Etiol.
4 I
1 6%
1 |
1 19-1 '■a
o 1
1 |
I 25%
o 1
1 o
18 |
j 10%
1 |
1 59-
2 I
1 19-1 '■'o
4 I
122%
o 1
1 o
o 1
22 |
1 9%
2 I
1.8%
2 I
1 .8%
o\°
1
1
CM
1
O
1
1
CM
1
1
1
1
in
i
o
i
o
i
i
i
i
No Arrest 16 |
122%
16 |
1 100
14 |
1 79-1 ' o
14 |
1 100
30 |
1 12%
30 |
j 100
TOTAL 72 |
1 100
28 |
139%
180 |
1 100
54 |
| 30%
252 |
|100
82 |
133%
[P(X2) > 0.05]
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3.3 SURVIVAL RATES
The first of the aformentioned outcomes is survival, which is narrowly
defined for this study as surviving the pathological event causing an
indication for intubation long enough to be admitted from the ER to the
ICU.
The raw overall survival figures are shown in Table 7. For further
comparison of survival between the two groups, the breakdown by sex and
mean age in each catagory are calculated. With an overall survival rate
of 38% (28/71) from Norwalk, the absolute number are starting to get
smaller. Overall survival of the patients at Yale is 29.8% (54/181),
somewhat less than Norwalk' s rate. However, again, a three-dimensional
chi-square (at P>.05) indicated no statistically significant difference
between the rates. "Significant" or not, the ten percentage points
greater survival rate with the ET tube over the EOA is certainly sugges
tive of a difference, if not completely demonstrated by these data.
In the next table, no. 8, there is clearly no difference between the
two hospitals in survival from cardiac arrest; males: 19%(Norwalk) vs.
22%(Yale), females: 25%(both sides), and 21%(both sides) of all patients
suffering an out-of-hospital cardiopulmonary arrest (P>.05).
Finally, table 9 compares survival from cardiac arrest with the type
of intubation, EOA or ET. It is clear, even from the raw figures that
there is very little difference between the EOA and ET groups.
22% of arrest victims intubated with the ET tube survived, compared
to 20.5% of those intubated with the EOA. Only 16% of non-intubated,
arrested patients survived to get to the ICU at Norwalk, but 23.7% of
non-intubated, arrested patients survived at Yale.
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TABLE 7
Raw Survival Rates
Norwalk (ET) Yale (EOA)
"Survived" n= | tot |% tot| mean | lo-hi n= | tot |% tot| mean | lo-hi
Male
age
18 | 1 38 . 2% | |
1 47 | | |
I | | 58.0 | 22-84
30 | |27. 0%| |
j 111 | | |
j j | 58.1 j 23-89
Women
age
10 | |40.0%| |
1 24 | | |
| | | 54.7 | 33-74
24 | | 34. 2%| |
1 70 | | |
| | | 61.2 | 3-92
Total
1 1 1 1
28 | |38. 8%| |
1 71 | | 56.8 |
54 | |29. 4%| |
1181 | | 59.5 |
[mean age(surv) vs. mean age(total): P>.05]
TABLE 8
Survival from Cardio-Respiratory Arrest
ET (Norwalk) EOA (Yale)
C-R Arrest: n= 1 total % tot n= total % tot
"Survived" 12 | 56 21.4% 36 166 21.6%
"Died" 44 | 56 78.6% 130 166 78.4%
Men 7 I 36 19.4% 20 110 22.0%
Women 5 | 20 25.0% 16 56 25.0%
TABLE 9
Survival from Cardiac Arrest vs. ET vs. EOA Intubation
ET (Norwalk) EOA Yale)
In tub % tot Not Int| % tot Tot In tub % tot Not Int|% tot Tot
Surv
Died
11
39
22.0%
78.0%
1 | 16.6%
5 | 83.3%
12
44
22
85
20.5%
79.4%
1 1
1
14 | 23.7%
1
45 | 76.3%
36
130
Total 50 89.2% 6 I 10.7% 56 107 64.6%
1
59 | 35.5% 166
[Intubated(ET vs EOA):P>.05; Not Intubated(Norwalk vs Yale):P>.05]
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Not only is there no significant difference between survival with an
ET tube and with an EOA, but perhaps equally intriguing is the finding
that there appears to be little, if any, difference between using an
airway and not using one. In section 3.7, "Ventilatory Adequacy: Ar
terial Blood Gas Data", there will be more comment on this finding.
3.4 INTUBATION OUTCOME
Table 10 summarizes the experience in efficiency at intubation. There
are three possible outcomes:
1. Successful intubation
2. Unsuccessful attempt to intubate, or
3. No attempt to intubate at all.
3.4.1 Successful Intubation
Here is a significant difference, with the paramedics at Norwalk suc
cessfully intubating 74% of the time, compared with Yale's 57%. However,
attention must be drawn to the contrast between Yale's paramedics suc
cess rate of 57%, and the 12.5% success rate of the EMT squads in the
Norwalk area using the EGTA .
Most successful intubations —90% of ET tubes and 94% of EOAs— were
accomplished in one try (average attempts per patient). This figure is
essentially the same for both groups. Thus, Yale's lower overall suc
cess rate with EOA placement would appear to be pulled down by their
higher incidence of failure to attempt intubation, of which more later.
Protocol calls for the paramedic to abandon the intubation attempt
after two trys. The few incidences of three or more attempts are runs
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TABLE 10
EOA vs ET Intubation: Successful, Unsuccessful, & Not Attempted
ET (Norwalk) EOA (Yale) EGTA (Norwalk) All EOA+EGTA
n = 1 (% n) n = | (% n) n = | (% n) n = |(% n)
Total 72 | 175 | 24 | 199 |
Successful
Intubation
(% total)
Attempts =1
=2
>=3[note a]
Avg.# Attmps
53 |
(74.6%) |
48 1(90%)
3 1(5.6%)
2 1(3.7%)
1.16 |
100 |
(57.8%) |
94 | (94%)
3 | (3%)
3 I (3%)
1.10 |
3 |
(12.5%) |
3 |(100)
o 1 -
o 1 -
1.0 |
103 |
(52.3%) |
97 1(94%)
3 I (3%)
3 | (3%)
1.09 |
Unsuccessful
Intubation
(% total)
Attempts =1
= 2
>=3[note b]
Avg.# Attmps
12 |
(16.6%) |
6 1(50%)
3 |(25%)
3 |(25%)
1.90 |
40 |
(23%) |
31 |(77.5%)
9 1(22.5%)
0 | --
1.20 |
8 I
(33.3%) |
2 1(25%)
3 | (38%)
3 | (38%)
2.25 |
48 |
(24.3%) |
n.r . |
n. r . |
Intubation
Not Attmptd.
(% total)
s contraind.
(% total)
7 I
(9.7%) |
[0] 1
[note c
32 |
(18.2%) |
[13] 1(40.6%)
(7.4%) |
13 |
(54.2%) |
[10] 1(77%)
(41.6%) |
45 |
(22.8%) |
[23] |(51%)
(11.6%) |
No record
(% total)
o 1 3 I
(1.7%) |
o 1 3 I
(1.5%) |
X2-tests: Success(ET vs EOA), P<.05 = significant difference
Unsuccessful(ET vs EOA), P>.05 = no signif. difference
Success(EOA-Yale vs EGTA-Norwalk), P<.05 = difference
Not Attempted(Norwalk vs Yale), P<.05 = difference
Not Attempted(E0A-Yale vs EGTA-Norwalk), P<.02 = difference
Notes: [a] Usually more than one squad attempted; usually resulting in
delay of 10-30 min. in definitive airway management.
[b] Protocol: abandon after 2 unsuccessful attempts.
[c] "Timidity Index" - see text, sect. 3.4.3.
[d] see text, sections 1.3.2 and 2.5.
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in which the 1st- Responder squad (frequently a less experienced crew,
also frequently less trained) was intercepted enroute to the ER by a pa
ramedic squad to start Advanced Life Support (ALS). On a case by case
basis, these runs had a lower success rate (50% vs. 74%), and not re
corded on the tabular data, also, had poorer survival and poorer venti
lation as measured by the ABGs, after re-intubation with an ET tube in
the field.
3.4.2 Unsuccessful Intubation
The incidences of unsuccessful attempts to intubate are more nearly
equal, — 16.6% for the ET; 23% for the EOA (P>.05)— supporting the no
tion that Yale's higher incidence of failure to attempt indicated intu
bation (sect. 3.4.3) pulled their overall success rate lower than it
otherwise would have been.
Higher still is the failure rate (33%) of the outlying squads in the
Norwalk area when placing the EGTA, the so-called "improved" form of the
EOA (vs. 23% for EOA at Yale). Still, suggestive as these numbers are,
they do not turn out to be statistically significant. (That doesn't
necessarily indicate that they are not meaningful; it just puts more
doubt in what their meaning might be.)
Of note, is the high rate of abandonment of intubation after the
first try; half of all unsuccessful attempts with the ET tube (Norwalk),
and three-quarters of all unsuccessful attempts with the EOA (Yale),
were abandoned without making a second try, contrary to protocol recom
mendations. In some of the cases, however, a contraindication was clear
after the first unsuccessful attempt. One quarter of the attempts, in
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both groups, were tried a second time, as shown by the average number of
tries; 1.9 for the ET, and 1.2 for the EOA.
The squads using the EGTA (in Norwalk) again did poorly, with one-
third of their intubation attempts unsuccessful, and, based on their
number of attempts, the more they tried, the worse they did.
3.4.3 Failure to attempt intubation even though indicated
This is a slightly different problem from placing the airway, which is a
learned skill, and presumably improves with more training and experi
ence. It has been reported, anecdotally, that certain otherwise compe-
tant EMTs have been known to balk at shoving a tube down the throat of a
patient in extremis. It is a issue, primarily, of self-confidence, and
the effect is related to "Unsuccessful Intubation" in that both are also
crude indicators of insufficient training and/or experience. The rate
of failure to intubate despite clear indication and no overriding con
traindication will be called "The Timidity Index" . The "timidity index"
is 9.7% for the ET (Norwalk). 18.2% for the EOA (Yale), and 54% for the
EGTA (Norwalk) .
3 . 5 COMPLICATIONS
Table 11 discusses the complications noted and their frequencies. Some
of those discussed in the literature occurred here as well (See Table 2,
Chapter 1). The most common, whether intubated or not, is aspiration of
gastric contents or upper airway secretions, with the others largly sol
itary, isolated instances.
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TABLE 11
Complications of Intubation
ET (Norwalk) EOA (Yale) EGTA(Norwalk) All EOA/EGTA
Complications :
Intub. | Not
llntub.
Intub. Not
Intub.
Intub. Not
Intub.
Intub.l Not
llntub.
Total Patients 53 | 19 100 72 3 21 103 | 92
Number (n = ) 12 | 5 25 11 3 8 28 | 19
Complic.Rate-% (22.6)| (26.3) (25) (15.3) (100) (38) (27) 1(20.6)
distribution [r
(% of total)
Aspiration
lote a] |
7 | 2
(13.2)| (10.5)
14
(14)
9
(12.5)
2
(67)
6
(28.5)
16 | 15
(15.5)1(16.3)
Esophageal
Malplacement
1 [note b]
(1.8)1
-- 1
(33)
1 |
(0.9)|
Tracheal
Malplacement
-- 1 2
(2)
0 2 I
Gastric
Distention
1 1 1
(1.8)| (5.2)
7
(7)
2
(2.8)
0 1
(4.7)
0 | 3
1 (3.3)
Secretions in
Airway
1 1 1 0 1 0 1 0 | 2
1 (2.2)
Ports obstruct
by tongue
1 3
(3)
0 3 I
(2.9)|
Poor seal, cuff
too high
Excess, delay
reaching pt.
ET too low,- in
R-bronchus
Trach-Esoph
Trauma
Foreign Body
in Throat
Extubated in
field
1 |
2 I
(3.7)|
1 |
1 |
0 | 0
fnote d]
1
(D
0
0
[1
0
1
note c]
0
0
0
1 —
[no
0
—► 1
te e]
1 |
(0.9)|
o 1
0 | 1
1 (1.4)
Notes: [a] Some cases had >1 complication.
[b] with localized subcutaneous emphysema.
[c] Patient's false teeth discovered in ER.
[d] Pt. had seizure, bit airway, broke thru tube.
[e] Extubated by EMT-A prior to intercept with paramedics;
reason not documented on "run form".
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Other reported complications have also been seen here, such as tra
cheal and esophageal malplacement of the EOA and the ET tube, respec
tively (the latter causing subcutaneous emphysema from the esophageal
tear).
The overall complication rate for intubated patients is 22.6% for the
ET (Norwalk) and 25% for the EOA (Yale). Predictably, the rate for
non-intubated patients is higher (26.3%) for Norwalk, but unexpectedly
lower for Yale New Haven (15.3%).
Once again, the experience with the EGTA is the worst (highest), 100%
of intubated patients and 38% of non-intubated.
3 . 6 CONTRAINDICATIONS
As was presented in Table 1 (Chapter 1), there are quite a few contrain
dications to esophageal intubation, but relatively few contraindications
to endotracheal'60 67 68>. The list in Table 12 further reflects this.
Unexpectedly, then, the highest incidence of contraindications to in
tubation was for the ET tube (Norwalk) . Of the 19 patients from the
Norwalk subgroup who were not intubated, 13 (68%) were not intubated be
cause of one or more supervening contraindications. These 13 were 18%
of the total 72 patients from Norwalk.
Respectively, at Yale, only 23 (30.5%) of 72 non-intubated patients
were not intubated because of an observed contraindication recorded on
the "run form". These 23 were 13.4% of the total 172 patients for which
intubation records were available in the Yale subgroup.
Thus, the highest incidence of contraindications was observed for the
ET tube, but, also, the highest percentage of intubations aborted be-
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cause of specific observed contraindication(s) recorded on the ambulance
record.
The rate of contraindications for intubated patients was similar for
both groups. Four of the 53 patients intubated with an ET (Norwalk)
tube had one or more supervening contraindications present. This was
5.5% of all patients (from Norwalk) evaluated by the paramedics for ET
intubation in the field.
Likewise, at Yale, five of 100 patients intubated with an EOA had one
or more supervening contraindications present. This was 3% of all pa
tients (from Yale) evaluated by the EMTs for EOA intubation in the
field.
The contraindication rate for intubated patients represents inappro
priate intubations (i.e. intubations done despite contraindication to
intubation). As anticipated in Chapter 2, the absolute numbers are so
small as to make percentages merely an exercise in button-pushing. As
in Table 2, the list in Table 12 points up the differences between the
two devices.
Note, for example, that an active gag reflex is not an absolute con
traindication to endotracheal intubation if the patient is also in re
spiratory distress. However, five patients were combative enough to
prevent intubation, even though it was indicated in the judgement of the
paramedic .
TABLE 12
Incidence of Contraindications to Intubation
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ET - (Norwalk) EOA - Yale)
Intubated Not Intub.
[note a]
Intubated Not Intub.
[note a]
No. w/Contraindications 4 13 6 23
Total Patients 53 19 100 72
Contraind. Rate(% tot) (7.5%) (68%) (6.0%) (30.5%)
Incidence(% of all pts) (5.5%) (18%) (3.1%) (13.4%)
distribution^) [b] n (%) n (%) n (%) n (%)
Active gag reflex [c] 1 (1.8%) 4 (21%) - 10(13.9%)
"fought" airway - 1 (5.3%) 4 (4%) -
"refused" airway - 4 - -
C-spine injury [d] - 1 4 3 (4.2%)
Tracheal bleeding [e] 1 (1.8%) - - 2 (2.8%)
Oropharyngeal bleeding - 1 1 (5.2%) 1 (1.4%)
Laryngeal trauma - - 1 1
Anatomical obstruction - 1 [f] - i [g]
Facial trauma [h] - - 2(10.4%) 2
Perm, trach. tube 1 - - -
Child [j] - - - 8 (11%)
Obvious DOA - 3 (16%) 1 [k]
Terminal patient(DNR) 1
1 1
Notes: [a] .. .therefore , appropriate not to intubate.
[b] Some cases had >1 contraindication
[c] Not necessarily a contraindication for ET tube.
[d] Not necess. contraind. for ET, see sect. 4.5.
[e] Not necess. contraind. for ET, unless suction impossible.
[f] Tracheal stenosis; not contraindication for EOA.
[g] Edentulous pyriform sinus,- not contraind. for ET.
[h] Contraindication for EOA; not for ET.
[j] No children in Norwalk subgroup; had there been, they
could, of course, been intubated.
[k] Since pts. at Yale, on whom no resuscitative efforts were
started, were not recorded, this number is unknown.
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3.7 VENTILATORY ADEQUACY: ARTERIAL BLOOD GAS DATA
The arterial blood gas (ABG) sampling data is summarized on Table 13.
(The individual ABGs for each patient sampled are listed in Appendix C.)
Due to the strict entry requirements (Sect. 2.4:4) for this data, the
fact that there is no routine ABG drawing on "Codes" in either hospital,
and the inability, in a retrospective study, to increase the yield of
this data by instituting routine sampling, the sampling rate is only 37%
at Norwalk. At Yale, the rate is somewhat better: 76% of all patients
intubated in the field had ABGs drawn immediately upon entering the ER.
Table 14 provides a chi-square of the survival rate of sampled pa
tients versus all intubated patients (from Table 9) to demonstrate that
the sample group is a fair representation of the total patient cohort
from each hospital (P>.05). (N.B. There is no separate ABG data from
the subgroup initially intubated with EGTAs (Norwalk), since all such
patients on which ABGs were ultimately drawn had already been re-intu-
bated with an ET tube at a field intercept with the paramedics.)
A look at the three trial test statistics (with standard deviations
> means, exagerated ranges, and obviously skewed "bent-bell shaped"
clustering of data points) will demonstrate why a lot of time wasn't
spent generating statistical numbers.
What is required is an index of the "outcome" which is measured by
ABG samples, namely, the ventilatory status of the patient. Each set
(Appendix C) of ABG values, pH, PC02 , P02 (and HC03 , not reported on ta
ble 13), was subjected to two tests:
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TABLE 13
Arterial Blood Gas Summary.- Intubated Patients
Endotrache al Tube - (Norwalk) Esophageal Airway - (Yale)
Test Survived Died All pts.
Intubated
Survived Died All pts.
Intubated
PH [note a]
7.36 7.27 7.30
[note a]
7.15 7.11mean 7.12
s.d. ±0.13 ±0.27 ±0.23 ±0.26 ±0.24 ±0.25
lo-hi 7.11-7.50 6.90-7.86 6.90-7.86 6.64-7.53 6.65-7.83 6.64-7.83
PC02 (mm Hg)
33.5
[note b]
49.7 42.8 62.0
[note b]
84.0mean 78.0
s.d. ±14.5 ±22.9 ±21.3 ±34.8 ±45.4 ±44.0
lo-hi 21-55 6-92 6-92 17-121 20-226 17-226
P02 (mm Hg)
203 106
[note c]
147 145 73
[note c]
mean 91
s.d. ±158.5 ±136 ±150 ±121 ±92 ±105
lo-hi 33-581 13-425 13-581 20-429 5-373 5-429
n = 8 11 19 19 57 76
Notes [a] trial t-test(pH-survived) : t=0.46, P<0.6.
[b] trial t-test(PC02-died) : t=-0.41, P<0.6.
[c] trial t-test(P02-all) : t=-1.74, P<0.2.
TABLE 14
Survival: ABG Sample Group vs. All Patients
Survived: ET - (Norwalk) EOA - (Yale)
ABG-sampled
subgroup
pts. surviving
/pts . sampled
42%
( 8)
(19)
25%
(19)
(76)
All Patients
(each ctr. )
pts . surviving
/tot .patients
38%
(28)
(72)
29%
( 54)
(180)
P>.05 P>.05
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1. A "Physiological" Test - Does the sample in question fall within
the ranges, on each of its values, generally accepted as normal
acid-base balance; in other words, has the artificial ventilation
(and circulation) achieved anything like normal balance? The
range of normal is:
pH = 7.35 - 7.45
PC02 =35-48
P02 >= 103 (at rest, sea level)
(Healthy Normals: P>.05)
Davenport, HW<20>:
ABCs of Acid Base
2. A "Ventilatory Adequacy" test - Does the sample in question fall
within the recommended range for acid-base balance during CPR in
dicating adequate ventilation? The recommended target values
are :
Mean pH > 7.36
P02 > 80
PC02 =25-35
White, RD:
ACLS Textbook,
Amer. Heart. Assn.(77)
The results of these tests is summarized in Table 15. The incidence
of adequate blood gas values, for each test, was tallied versus survi
vors, deaths, and all patients in both the ET (Norwalk) and EOA (Yale)
groups .
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TABLE 15
Ventilatory Adequacy: ET vs. EOA
Endotracheal tube (Norwalk) Esophageal Airway (Yale)
Test
Standard:
Survived | Died | All pts.
I | Intubated
Survived | Died | All pts.
| | Intubated
'Recommended" values, (Advanced Cardiac Life Support, Amer Heart hssn){11
% adqtly
vent ' d 37.5% 9.0% 21% 15.7% 5.2% 7.8%
# 3 1 4 3 3 6
tot .pts . 8 11 19 19 57 76
[4x4x4 X2: P > 0.05]
Physiolog Leal "Normal" (Davenport) <2° '
% adqtly
vent ' d 12.5% -0- 5.0% 5.2% 3.5% 3.9%
# 10 1 1 2 3
tot.pts. 8 11 19
1 1
19 57 76
1 1
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The test based on "target" values recommended in the American Heart
Association's ACLS Textbook <77) turned out to be the more useful of the
two "tests". Only a tiny handful of what was already a small sampling
of patients had acid-base statuses within "normal physiological range".
A 4x4x4 (3-dimensional) chi-square was set up, and the test statistic
showed no "signficant" difference in the incidence of effective ventila
tion between the two groups, ET and EOA. However, a review of this ven
tilatory adequacy "test" table, along with the original patient ABG data
(see appendix C) suggests a clinical difference discussed in Section
4.4.
Additionally, there was a dramatic difference between the adequacy of
ventilation of patients who survived and those who didn't. Among survi
vors, 37.5% (ET) and 15.7% (EOA) respectively, had "adequate" blood
gasses, by American Heart Association standards. The incidence of ade
quate ventilation of patients not surviving was 9.0% (ET) and 5.2%
(EOA) .
3.8 AMBULANCE /RESCUE SERVICE INTUBATION EXPERIENCE
Tables 16 and 17 summarize the intubation experience of the ambulance
and rescue squads in the two areas of this study.
3.8.1 Experience - Norwalk
There are seven ambulance/rescue organization covering the primary ser
vice area of the Norwalk Hospital besides the hospital-based Norwalk Am
bulance (Unit 63 and 64). Table 16 summarizes their experience with
calls during which intubation was either done or indicated.
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TABLE 16
Unit Experience - Norwalk
Runs Intub. j %runa Intub. %atmpt Intub. not %runs Compl. %atmpt Contra 'Save1 Vent.
atmpt Success attemoted ind.atmpt % Adq%
[Endotracheal Intub. ]
Norwalk Hospital (63. 64) 67 67 100% 57 85% 0 0 12 18% 8 23% 21%
[Esophageal Intub. 1
DanenfExplorer Post 53) 3 3 100% 2(b) 67% 0 0 1 33% 0 0 Note
Rowayton Rescue (R6) 2 0 0 0 0 2 100% 0
New Canaan Amb.llO, 1 1 2 0 100% 0 0 2 100% 0
Weston F.D. (50,60) 0 [n o "Code'1 runs to Norw ,1k]
i
Westport Amb. (35, 36, 37) 9 7 78% 2 29 2 22% 2 29% 1 0
Wilton Fire (49, 51) 3 1 33% 0 0 2 67% 0 0 0 0
Vista Amb-N. Y. (25) 1 0 0 1 100%
Notes:
(a) All EGTAs Dlaced by these units, as 1st responders. were reclaced with ET tubes
by Unit 63 intercepting before arrival at Hospital, therefore, ABGs not relevant
(b) One (of 2) successful intubations extubated by driver: reason not documented bv
H&t P or treatment notes, vital signs, etc.
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There were 72 "Code" runs during the period of this study. On 52
runs, Unit 63- (Norwalk Hospital) paramedics was the first-responding am
bulance. On 15 runs, Unit 63 intercepted one of the other seven units,
by heading out to meet it as it was starting in. As explained in Chap
ter 2, this is done to reduce the delay in getting ALS therapy to the
patient. On another five runs, the outlying ambulance came in to the
hospital without an intercept (which usually happened only when Unit 63
was already committed to a previous call when the "Code" was called in) .
Of the units from the towns surrounding Norwalk, Westport had the
most "Code" runs, but still only nine. They attempted intubation on
seven (78%) patients, but were only successful on two (29%) of them. On
five patients, they were unsuccessful in the intubation attempt. And,
with the other two patients, they didn't attempt intubation. One of the
five attempts was contraindicated, but they made the attempt anyway.
Two others had a complication of EOA use, specifically, aspiration.
Explorer Post 53, the ambulance service in Darien, is organized and
operated by teen-age Explorer Scouts under the medical supervision of
the hospital's Director of Emergency Services, and has one of the most
comprehensive and time-consuming continuing medical education (CME) pro
grams around. Yet, they had only three "code" runs in the last six
months of 1983, to provide experience for a membership of nearly 60
EMTs.
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3.8.2 Experience - Yale
The situation isn't much different in southern New Haven county. There
are almost four times as many "Code" runs on the average, but there are
over ten times as many paramedics.
One general trend stands out from these two tables. The more runs
one has, the larger the absolute numbers of complications, contraindica
tions, and failed attempts,- but, the smaller the percentages of diffi
culties become, and the larger the percentage of "saves".
There are some exceptions. The Guilford Volunteers had the best re
cord of adequate ventilation, 50% of their six "code" runs. The North
Haven Fire Department did better at ventilating and in the number of
"saves" than their colleagues Hamden or New Haven. The paramedics work
ing for New Haven Ambulance (a private company) had one of the poorest
records of ventilation adequacy, but they must be doing something right;
they had the highest overall "save" rate: 29 out of 61 patients(47 .5%) .
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TABLE 17
Unit Experience - Yale
runs .*' Intub. %runs
atmpt
Intub.
Success
%atmpt Intub. not
attempted
*" Compl. %atmpt Contraind
attemots
"Save"
%(e)
Vent.'°>
Ado %
New Haven Fire Dept(Alpha) 31 25 81% 17 68% 6 19% 4 16% 2 12% 9%
Ansonia Amb (Bravo) 0 [nc) "Code 100" runs into Yalel
New Haven Amb Svc(Charlie) 61 53 87%' 40 75% 8 13%
'
12<C>
-
27% 5 47% 3%
Hamden Fire Dept(Delta) 15 13 87% 10 77% 2 13% 0 0 2 33% 14%
West Haven Fire fc (Echo)
Chamberlain Amb. Svc
Mayfair-Walingford (Fox)
22
1
21
0
95%
0
19 90% 1
1
5%
100%
4
0
19%
0
1
0
11%
unk
17%
MiLford Fire Dept (Golf) 1 1 100% 0 0 0 0 0 0 0 unk -.
Branford Fire (Hotel)
[J. Vol Amb. ]
N. Branford Amb. Sq. (India)
15
2
8
0
53%
0
7 88% 7
2
88%
100%
2 25% 1
0
0
0
0
0
Oxford Rescue (Juliet) 0 [ to "Coc e 100" runs int 3 Yale]
■
Storm Vol. Amb Corp (Kilo) 0 [ io "Code 100" runs into Yale]
-
Bethany Vol. Fire (Lima) 1 0 T 0 1 100% 0
North Haven Fire Dept (Mike!
Hunter Amb. Svc (Papa)
12
0 [r
1 1 T 92%'
o "Code 100"
7
runs intc
64%
> Yale]
1 8% 2 18% 3 2 9%
(f) ,
25%
Clinton Fire Dept. (Sierra) 3 T 100%| 1 | 33%
i U 1
0 -- 0 0 fag) 0<dr 0
Seymour Fire Dept. (Tango) 0 [ no "Code 100" runs into Yale]
-
Echo Hose Co. (Victor) 0 [ no "Code 100" runs into Yale]
Wallingford Amb. (Whiskey) 1 1 100% 1 100% -- 0 0 0 100% 0
Madison Fire & (X-ray)
Vol. Amb. Corns
Guilford Fire & (Yankee)
Vol. Amb. Corns
■
7
6
5
6
71%
100%
5
6
100%
100%
2
0
29%
0
1
0
20%
0
0
0
2 0%
(d)
17%
Id)
0
50%
(a) patients with indication for intubation: does not include Datients not intubated due to contraindication.
(b) American Heart Assn ACLS standardf77'.
(c) "Charlie" units often intercept ambulances coming from distant Doints to provide ALS,
delay in getting ALS to patient could exDlain increased complications.
(d) Extreme distance from hospital is factor in mortality"5.'8.'30'; compare compl. with vent, adequacy.
(e) six patients could not be intubated, but survived anyway.
(f) one (of these two) was tracheal placement of EOA.
(g) Datient found in "rigor mortis"; intubation attemoted anvwav, but could not open mouth enoueh to Dass
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3.9 A QUESTION OF IATROGENOUS HYPERBICARBEMIA
An interesting, if unanticipated, spin-off from the ABG data was a set
of serum bicarbonate levels reflecting pre-hospital conditions. They
weren't used to assess ventilatory adequacy, but they have suggested an
interesting hypothesis.
The data is summarized as follows:
TABLE 18
Serum Bicarbonate Levels: Intubated Patients
(mg%)
Survived Died t-Test : sample means
Mean level = 20 24
Range: 8-86 7-53
sigma = 11.7 8.4 S(pooled) = 9.7
n = 50 90 d.f. = 140
t = -2.33
.05 > P > .02
It is standard pharmacological protocol* 61 77> to give a patient in
cardiac arrest 50 to 250 milliequivalents(boluses) of sodium bicarbo
nate, to counteract the acute respiratory acidosis, frequently combined
with unlying metabolic acidosis or mixed("triple" ) disorders. It serves
to help perfuse the heart muscle and raises the threshold of irritabili
ty, thus helping to prevent ventricular fibrillation'10 33 57 77).
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The question has been raised, informally, whether paramedics (and the
authorities who drafted and approved the protocols they follow) aren't
over-doing the bicarb.
Drugs administered in the field, including bicarbonate and IV solu
tions, were not recorded during this study, so it is not possible to
match the serum bicarbonate and survival with treatment in the field.
However, Table 18 shows a significant difference (,05>P>.02; df=140) be
tween bicarbonate levels in individuals surviving pre-hospital cardiac
arrest and those not, which suggests an association between abnormally
high serum bicarbonate levels and reduced survival from out-of-hospital
cardiac arrest. Whether there is an etiologic relationship is an inter
esting question that should be addressed.
++++++++++++++++++++++++++++++++++
Chapter 4
DISCUSSION OF RESULTS
4 . 1 SURVIVAL
There is a mystique around ambulance squads and hospital emergency de
partments about "saves". Whatever the "save" rate is, ours is 'gratify
ing' and theirs is 'shabby'.
So when Cobb, et. al.<15> published their remarkable figures on re
suscitation from cardiac arrest in the city of Seattle (in 1980), organ
izations all over began looking at their own data as if they were Super
Bowl scores. As mentioned earlier, the survival rate is just one single
outcome from a vast maze of independent and dependent variables. Fur
thermore, the purpose of raw survival rates in this study was to serve
as a control of similarity for other outcomes, namely, effectiveness of
airway management.
Cobb reports survival from out-of-hospital arrest as high as 43% with
bystander intervention, but only between 8% and 21% without. The over
all survival rates in the present study of 21.4% at Norwalk Hospital,
and 21.6% at Yale-New Haven Hospital, compare favorably with the Seattle
data.
Looking at the post-intubation survival rate, J. P. Smith, et al(63)
published data in 1983 on 158 cases of EOA intubation, and reported a
survival rate of only 3.7%. From this and some time-motion studies (re
porting that intubation took longer than four minutes 47% of the time).
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they concluded that EOAs presented too many technical problems to be
considered an alternative to the ET tube.
This series from Yale is much more optimistic. Curiously, the sur
vival rate of non-intubated patients is slightly higher (23.7%) than
EOA-intubated (20.5%), which appears to suggest that the EOA did not
change the patient's outcome, except that "survival" is only one of sev
eral outcomes studied.
Nevertheless, the numbers are not significantly different from the
results of ET intubation, suggesting perhaps that both methods are rela
tively inefficient (also suggested by the ABG data discussed in section
4.4), OR, as Campion<12) and Schof ferrnan* 62 > concluded, that the differ
ences in "survival", during the immediate period after cardiac arrest,
depend more on factors other than the method of airway management.
4 . 2 INTUBATION
DeLeo(21> (in a study from Columbus comparing paramedics and the "Heart-
mobile" pilot project staffed by medical residents) and Jacobs*46 > (from
Boston, in a system very much like Norwalk' s) report rates of successful
ET intubations of 92% and 96%, respectively. Norwalk1 s rate of 74% is
considerably off those marks, but comparable to the 85% successful-
first-attempts reported by Campion, and still respectable compared with
the data for EOAs.
Smith*63 * reports a failure-to-place rate for EOAs of 18.3% (i.e.
"success" = 81.7%) but another study(24>, from UCLA Medical Center, re
ports a maximum failure rate in several series of only 10%. The Los An
geles paramedics (a subgroup reported in the same article) successfully
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placed EOAs 95% of the time. Campion, above, reported 92% placement
success for the EOA.
In this series from Yale, the failure rate is 23% (or 77% "success"),
similar to that reported by Smith.
4.3 COMPLICATIONS & CONTRAINDICATIONS
Jacobs reports a 2% rate of unattempted ET intubations, compared with
9.7% observed at Norwalk in the present study. However, it should be
kept in mind that, since each of these "not attempted" cases had a clear
contraindication (in other words, the "timidity index" was 0%), this
rate reflects, in large part, the incidence of contraindications.
The complications have been cited in Chapter 1. Although rates were
not attached to the catagories, each represented one or two cases, with
the exception of "Aspiration", which is the largest catagory in this
study.
The true complication rate is very difficult to know. The only study
found with a denominator was by Harrison, et al*43). He reported four
cases out of 1058 total EOA intubations (from his own experience) of
gastric and esophageal rupture, and then cited 15 more cases from the
literature, from an estimated two million EOA intubations, during the
same period of time.
DonMichael* 24 ) estimates the rate of inadvertant tracheal placement
at between 5% and 10%. Yale had two such cases in six-months time, or
2% of all intubations performed in the field.
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Norwalk had one case of esophageal malplacement of an ET tube, re
sulting in localized subcutaneous emphysema. Dubost<27) reports 12 such
cases (no denominator) over 11 years, roughly Norwalk 's experience. De-
Leo*21 ' estimates the incidence of this complication at 0.3% (2 instanc
es in 711 intubations cited). These complications are almost invariably
the result of poor visibility and hurried intubation* 71 ) .
Norwalk also recorded one case of a patient with a cervical spine in
jury, which is a contraindication to ET intubation according to proto
col. The paramedics elected not to intubate, as further examination re
vealed a mortal wound, and although surviving to be admitted to the
SICU, the patient soon succumbed to his injuries. On this subject,
Frank Lewis*52' has commented that most cord damage is caused not by the
manipulations of the rescuers, but by the original mechanism of injury.
Although damage caused by patient movement after injury occurs, it is
rare, and "death or major disability from airway obstruction is at least
100 times more common than (iatrogenous) cervical spine injury" from in
tubation. He concludes that paramedics should not be reluctant to treat
first things first, which means Airway, Breathing, and Circulation be
fore anything else.
Most investigators feel that the true rate of complications is under-
reported. The small but significant range of complications in this
study would also tend to support this. (Additional support, anecdotal-
ly, comes from the the experience by the author of finding partial re
cords that didn't quite "look" right, or finding certain routine data
suddenly unavailable for an otherwise unremarkable run, or usually lo
quacious ambulance officials suddenly tight-lipped.) Efforts to detect
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the consequences of complications by following up post-admission hospi
tal charts*47 70 79> have met with little more success than reviews of
ambulance and ER records. Perhaps a prospective study, in a climate
conducive to post-mortem exams, could do better at finding the true mag
nitude of this variable.
4.4 VENTILATORY ADEQUACY
Several studies have reported arterial blood gas (ABG) values, as ta
bles, and as statistics (means, standard deviations, p-values).
Some, Meislin*55> and Schofferman, et al(62>, conclude that the EOA
is an effective alternative to the ET tube, and others, Auerback*5' and
Smith*63', conclude that it is not.
In reviewing the literature, it appears to be a novel notion to test
each blood gas value against a standard, either physiological "normal",
or "target" values recommended by the American Heart Assn.
(Interestingly, applying this "adequacy test" to Meislin' s(Pro-EOA)
table of ABGs, and then to Auerbach' s(Anti-EOA) , yields the same conclu
sions these investigators drew in their original studies. In these two
instances, the "adequacy test" suggests the same conclusion as the "t-
test", given the same set of input data.)
A general impression from reviewing the four references cited is that
the array of ABG values (18 cells) from the present study tends to agree
with the data from Meislin and from Schoef ferman, which support the con
tention that there is no significant difference in ventilatory adequacy
between the two methods, and that incidences of failure to oxygenate ad
equately are due to factors other than the choice of airway.
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However, examining the raw patient counts on Table 15, it is hard to
accept that the mathematical lack of "significance" corollates with the
clinical picture suggested not only by the "pooled" ABG data, but also
by the original values recorded for each patient (Appendix C). The sta
tistically-pooled ABG data in this study, like other similar data re
ported in the literature cited, is obviously skewed and disparate, and
there may not be enough cases, n, especially from Norwalk, to permit re
liable analysis.
Clinical decisions, affecting the treatment and progress of hospital
ized patients, are routinely based by physicians on smaller differences
than those tabulated in Table 15 and Appendix C.
An unsophisticated, but perhaps more practical, view of Table 15
should cause one to wonder if there isn't at least a suggestion, if not
a statistical demonstration, that the ET does, in fact, produce better
(although not much better) ventilation under field conditions.
As mentioned earlier (section 3.1), model building, which is consid
ered the best, if also the most complicated, way to deal with multiple
independent and interdependent variables, is beyond the scope of this
investigation, not to mention the capabilities of its author. This may
be one of those cases*50' when simple statistics are meaningless at
best, and misleading at worst.
+++++++++++++++++++++++++++++++++++
Chapter 5
CONCLUSIONS & COMMENTS
5.1 EOA VERSUS ET
From a review of the literature over the past sixteen years of the EOA's
existance, as well as the data analysed for this study (and anecdotal
reports from working paramedics and others involved in the delivery of
emergency medical services), it would appear that individuals tend to
get a bit over-enthusiastic in their advocacy of their favorite technol
ogy or procedure.
Upon undertaking this study, it seemed as if, with all the variables
that affect ultimate patient survival, and the fundamental physiological
differences in the esophageal and endotracheal approaches to airway man
agement, as well as the differences in indications, contraindications,
and technique, the comparison attempted was too much like comparing ap
ples and oranges , to use the old cliche.
The EOA was never intended to replace the ET. It may well be that,
had the ET tube been more quickly adopted in the armamenture of the new
EMT/EMS system of pre-hospital care in the late 1960 's and early 1970' s,
the EOA would never have been more than a curiosity in the Iranian de
sert .
What seems to be indicated from this study's data is that there are
larger issues clouding the question of whether one device is superior to
the other.
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In this study, survival rates were essentially the same; as was the
incidence of complications,- and, at least statistically, the adequacy
of ventilation (although the clinical validity of this latter finding is
still open to question) .
If there is no difference in how many leave the ER alive, enroute to
the intensive care unit, based on which airway was employed, but also,
that those treated with the ET tube were better ventilated, then, all
survival factors being equal (at least in the initial critical hours),
the ET tube's advantage may not become apparent until somewhat later in
the patient's hospital course, i.e. "survival" after a week, or "surviv
al" to be ultimately discharged home, or "survival" with minimal or no
brain damage from hypoxia.
That difference which was observed was in the facility with which the
paramedics were able to perform the intubation procedures.
Whether this study can be said to have shown conclusively that ETs
are superior to EOAs, or vice versa, what should be of more concern, in
terms of what lessons may be passed on to paramedics in the field, is
the unquestionable finding that neither the endotracheal tube or the
esophageal airway resulted in a suitably high percentage of adequately
ventilated patients.
5.2 TRAINING AND SKILLS MAINTENANCE
Clearly, the paramedics at Norwalk inserted their ET airways successful
ly more often than their counterparts in New Haven. But compare, if you
will:
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5.2.1 Initial Training
To be certified in ET intubation, the paramedic attends approximately 25
hours of didactic class sessions, covering respiratory physiology, anat
omy, etc., plus another 25 hours of intubation practice on special intu
bation manikins. After that, she/he must successfully intubate twelve
patients, under the watchful supervision of a hospital anaesthesiolo-
gist, in the hospital operating room.
In contrast, the airway portion of the basic EMT-A course consists of
a total of eight hours, combined formal learning and practice, with or
without an intubation manikin. Paramedics receive somewhat more train
ing, and most programs, including Yale's, require practice experience on
intubation manikins. But there is no requirement to intubate living pa
tients under expert supervision prior to beginning field experience.
5.2.2 Continuing Field Experience /Refresher Courses
Paramedics certified for ET tubes must, in most EMS systems, maintain a
minimum experience record. At Norwalk, they must pass an additional
twelve tubes every year. If the field experience is insufficient, they
must demonstrate proficiency in the hospital operating room or emergency
department.
There are mandatory refresher courses for all paramedics, of course.
But there is no experience requirement for EOAs under most systems to
day. With all due respect to the vital link formed by smaller rescue
squads in the vast majority of areas in the country, and the conscien
tious manner in which they do their jobs, the data on Tables 10 and 11
clearly illustrates the dilemma in accomodating "busy" squads and "qui
et" (full- and part-time) squads.
59
5.2.3 Techniques
The EOA was designed and advocated for "blind" insertion, which was
claimed to be more useful for the chaotic and poorly-lit field environ
ment than fumbling with a laryngoscope and intubating, as must be done
with ET tubes, under direct visualization.
Clearly, the data from Norwalk suggests two things:
1. The more often you do a procedure, the better you are at it.
Manditory minimum experience is the only way to keep skills
sharp.
2. If you can see what you're doing, you have a better chance of do
ing it right. "Blind" intubation is probably not only an unreal
istic expectation; it's probably also dangerous.
Several issues arise from this:
1. Assuming for the moment that it is determined that all paramedic
personnel should be trained and certified to perform ET intuba
tion, can the system support the initial and continuing training
demands?
A quick look at Tables 16 and 17 will illustrate the problems with this
approach. It would place a tremendous burden on the medical support fa
cility (the base hospital) to maintain the skills of the paramedics it
is responsible for sending out. Many medium and small hospitals, and
even some major medical centers, would very likely find it impossible to
support this demand.
(An informal survey, conducted by the author at Yale, suggests that
even at a major hospital performing dozens of elective surgical proce
dures a day, the competition for intubation experience between anaesthe-
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sia and other house staff, nurse-anaesthetist students and "interns",
respiratory therapy students, paramedics, and even the occasional medi
cal student, could very easily exceed the number of available opportuni
ties. )
2. What about all the smaller EMT-A staffed squads, which form the
backbone of first-response for so much of the country outside the
major cities?
The EOA still remains a viable airway management tool for the situ
ations, of which there are many, where adoption of the ET tube as the
primary airway-of-choice is logistically and educationally impossible.
5.3 COMPLICATIONS AND CONTRAINDICATIONS
This study is roughly in agreement with others published on the subject
of the complications and contraindications of these two airways. How
ever, as others have said before now, the major complications of intuba
tion, malplacement in the wrong (esophagus or tracheal, as the case may
be) lumen, inflating the wrong viscus, failing to clear natural and for
eign obstructions from the air passageway; all of these ultimately are a
consequence not of the intrinsic design of the device or the patient's
ideosyncrasies, but of the competance and thoroughness of the paramedic
using them. If care is taken to follow the protocols of pre-hospital
care (the ABC's, if you will), these complications can be as rare as the
more arcane complications cited with such hysteria every now and again.
Concerning the even less-likely complications and most of the con
traindications, such as cervical spine injury mentioned in Section 4.3,
much of what the paramedic is really called on to do in the field is not
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so much a matter of training or book knowledge, but the use of cool-
headed good judgement in a series of unique situations. As this former
EMT was told by his instructors: when in doubt as to whether to inter
vene aggressively in a life-threatening situation, consider the alterna
tive .
5.4 AVENUES FOR FURTHER INVESTIGATION
Several questions have been raised by the data which are not specifical
ly addressed within the limitations of this study.
1. If the choice of airway has no dramatic effect on survival within
the first few critical hours, are the consequences of this choice
apparent at some later time? It would be interesting to follow
patients beyond the emergency room, to see, with proper covariate
modeling, if it is possible to detect the effects of pre-hospital
airway management in terms of hospital course, length of stay,
length of recouperation, ultimate discharge home, or some other
dependent variable.
2. Since it does not appear that there is an advantage with ET intu
bation over EOA in terms of immediate survival, and it is not
clear from this data whether there is any difference in ventila
tory effectiveness, is the difference, perhaps, more subtle?
a) It has already been suggested that the ventilatory effective
ness data from this study should be subjected to more sophis
ticated analysis.
b) .Perhaps it would also be possible to detect a difference be
tween modalities in terms of a physiological parameter, e.g.
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comparative effects of hypoxia/anoxia during the pre-hospital
ventilatory period on cardiac muscle or the central nervous
system.
3. The assumption that intubation skills by paramedics at Norwalk
and at Yale are roughly equivalent may not be valid. In fact,
the data suggests they are not. A prospective study, of data
collected under the new endotracheal intubation protocol at Yale
(once it is finally fully implemented, which was, at one time,
contemplated for this study), would serve to control for this po
tential difference, as the same EMTs, who now intubate esopha-
geally, would be studied doing endotracheal intubation.
4. To pursue the question of iatrogenous hyperbicarbemia, raised in
Section 3.9, requires data not recorded for this study. The is
sue goes beyond simple survival, to the limitation of initial
neural and myocardial damage, and the reduction of long-term im
pairment and disability. Since this bears directly on the prin
cipal purpose of cardiopulmonary resuscitation, the resuscitation
and preservation of central nervous system (as well as myocardi
al) tissue viability, it would appear to be of urgent interest.
5 . 5 RECOMMENDATIONS
5.5.1 The Esophageal Obturator Airway
Compared with the EOA, the ET tube probably has a better reputation not
only because it has a longer history of use, but because the training to
use it is much more rigorous and the supervision of its use much more
close. There would be even fewer differences between the two devices in
field use if:
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1. EOA training were strengthened and extended in hours to include
at least manditory manikin practice and refreshers, if not also;
2. supervised intubation of living patients (the latter might be ac
complished much as it is for ET training; using consenting pa
tients admitted for elective procedures, at the time of the ini
tial induction of anaesthesia). If this recommendation appears
to contradict the earlier statement about overburdening the
training hospitals, it nevertheless makes the point that learning
to use the EOA properly should not be taken for granted.
5.5.2 EOA Intubation under Direct Visual ization
Not only is it common sense, but the data, as well, supports the notion
that the rate of successful EOA intubation could be increased, and the
rate of complications decreased, were it to be placed, as often as pos
sible, under direct visualization, using a light source to see the pas
sage of the tube. Whether one carries a laryngoscope with every EOA
package, or just has a fresh penlight ready in the shirt pocket is unim
portant.
5.5.3 The Endotracheal Tube
The ET tube should probably come, more and more, to be considered the
first-line treatment of choice for airway management, in- or out-of-hos
pital.
1. Its complications and contraindications, even if under-reported,
are few and occur rarely (19/2,000,000 in one study cited), and
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2. are preventable, most of the time, by taking care to intubate
properly. The concern about many potential complications (such
as cervical-spine trauma, for example) is probably over- empha
sized, especially when considering the alternative of the poten
tially salvageable patient who is asphyxiating in his own blood.
It would seem that there are many risks, even the risks of being
killed or injured in a traffic accident while riding to the hos
pital in the ambulance, that exceed this risk.
5.5.4 Ventilatory Adequacy
However, as indicated by the data en "ventilatory adequacy" (Table 15),
management of impaired ventilation with the Endotracheal tube could ben
efit from further attention, as well. Theoretically, if its proponents
are correct, it should be possible to endotracheally ventilate the aver
age patient adequately better than 38% of the time.
5.5.5 All-ET intubation or the EOA as alternative airway
Nevertheless, it does not seem feasible, to this writer, to contemplate
the wholesale conversion of the entire EMS system to ET intubation, any
more than it has been feasible to upgrade every ambulance squad in the
country to Paramedic level. The logistics just do not work out. In
this reality, the EOA will continue to be an essential alternative, a
complementary, not second-rate, airway management technique. We would
be well-advised not to be too hasty to discard it, but, rather, to up
grade the standards for EOA training and use. The Esophageal Obturator
Airway should no longer be considered a simple, easy-to-use device.
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Frank Lewis, in his monograph, Prehospital Trauma Care (52>, offers the
following remarks :
Of the two elements involved —ventilation and cardiac mas
sage— ventilation is by far the more valuable one to empha
size... A knowledge of how to clear the oropharynx, open the
airway, and provide effective ventilation. . .should be essen
tial skills for all EMTs, from the most basic to paramedic...
Objective assessment suggests that this frequently is not the
case, and that this fundamental skill deserves greater empha
sis, training, and testing in most programs... By focussing
paramedic training on fewer skills which are truly beneficial,
and ensuring that those skills are developed and maintained,
the large investment in paramedic services will produce more
effective benefits in the . . . patient than is currently the
case .
+++++++++++++++++++++++++++++++++
Appendix A
PROTOCOLS FOR ESOPHAGEAL OBTURATOR AIRWAY
South Central Connecticut
Emergency Medical Services Council, Inc.
(courtesy of Christopher C. Baker, M.D.)
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EMERGENCY MEDICAL SERVICES COUNCIL, INC.
131 Bradley Road. Woodbridge. Conn. 06525
APRIL U, 1982
ESOPHAGEAL OBTURATOR AIRWAY
1. Indications
A. Provide airway rranagement for the patient experiencing
respiratory and/or cardiac arrest or unconsciousness
with inadequate Respiratory effort and poor or absent
gag reflex.
B. Provide airway rranagement for the patient with a sus-
pected cervical spine injury.
C. Provide the patient with a high concentration of oxygen.
D. Prevent the patient from aspirating. gastric contents.
E. Prevent gastric destenticn due to artificial ventilation.
11. Contraindications
A. Do not use an EOA en the following:
1 . A patient who is conscious or unconscious with a gag
reflex.
2. A patient under 16 years of age.
3. A patient who has sustained facial traurra that would
prevail the establishment of a proper seal with the
rrjBJak.
I. A patient who has ingested caustic material.
5. A patient with a foreign body upper airway obstruction
that is still in place.
111. Cautions
A. Insertion of a EOA nust be achieved in 15 seconds. Utilize
other means to ventilate the patient if more time is needed.
If successful EOA insertion is not achieved wi th Jwo^an enpt s
in two minutes, the airway should be managed using other means.
B. Kfaintain a patent airway by prcper positioning:
1. If a cervical spine injury is suspected use the chin
GW
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lift /jaw thrust method.
2. If a cervical spine injury is not suspected, naintain
the patient's head in a bade -ward head tilt position.
C. Maintain a ccnplete seal with the mask over the face.
D. Determine that the lungs are definitely being oxygenated
in order to prevent inadvertant tracheal intubation.
E. Do not remove the EOA in the field if successful endotracheal
intubation has been performed as the resulting vomitus is
better managed with in-hospital suction equipment.
F- Remove the EOA, being prepared for regurgitation, only if the
patient is breathing adequately on his/her own and resisting
the presence of the airway.
Procedure
A. Maintain adequate oxygenation and ventilation prior to and
throughout the entire intubation process except for the 15
seconds allotted for the acutal intubation procedure.
B. Assenble all the necessary equipment within easy reach of
the technician.
1. Evaluate the mask for proper inflation and leaks.
2. Attach the face mask to the upper end of the tube.
3. Inflate the cuff of the tube, check for leaks and
deflate the cuff, leaving the syringe attached,
filled with 90 cc of air.
L. Lubricate the cuff end of the EOA.
5. Set up and check the suction.
C. Hyperventilate the patient for 10 seconds.
D. Position the patient using the chin lift method to
pull the jaw forward.
E. Insert the EOA gently, holding it so its curvature
corresponds to that of the pharynx, into the patient's
mouth, following the anatomical curvature of the pharynx,
into the esophagus.
F. Advance the EOA until the facerask is firmly in contact with
the face, covering the nose and mouth, creating a seal.
G. Ventilate the patient by blowing into the EOA.
1. If the chest rises, the EOA is in place.
2. If the chest doesn't rise, inmediately withdraw the
EOA and ventilate the patient by other means while
preparing for another insertion attenpt.
H. Inflate the cuff with 25-30 cc of air.
1. Ventilate the patient and auscultate the chect bilaterally
for breath sounds and the abdomen for air sounds.
1. If lung sounds are heart] and air sounds in the stomach
are not, continue to ventilate the patient via the EOA
as it is in proper position.
2. If lung sounds are not heard and/or air sounds in the
stomach are heard, inmediately deflate the cuff, with
draw the EOA and ventilate the patient by other means
while preparing for another insertion attenpt as the
EOA is inproperly positioned.
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December 9, 1981
ROUTINE ADVANCED LEVEL CARE
I. Evaluate the patient for airway, breathing and circulation.
A. If airway, breathing and/or circulation are absent:
1. Initiate pulmonary and/or cardiopulmonary resuscitation.
2. Treat the patient following the appropriate patient
care protocols.
B. If airway, breathing and circulation are present:
1. Maintain the patient's airway 1f necessary utilizing an
oral airway, esophageal obturator airway or endotracheal
tube. Administer oxygen, 1f necessary, via nasal cannula
or mask.
2. Obtain the patient's chief complaint.
3. Evaluate the associated signs and symptoms.
4. Provide reassurance and comfort measures.
5. Obtain vital signs.
6. Establish an I.V., obtaining a blood sample for a serum
glucose level 1f the patient is a diabetic or in a coma.
Suggested
Fluid
Ringer's Lactate
Dextrose 5*
In Water
Indication
Hemorrhagic shock
G.I. bleed
Burns
Trauma
Dehydration
Cardiac Disease
Respiratory Disease
Neurologic Disease
Rate
Titrate
rate to keep
systolic BP
greater than
90 mmHg
30 drops per
minute via mini
drip tubing
Intracath Size
#14-16
#14-18
Anaonia. Bathany. Branford. Darby. East Havan. Guilford. Hamdan.Madison. Maridan. Milford. Naw Havan.
Nonh Branford. Nonh Havan. Orange, Oxford. Saymour. Shaiton. Wallingford. Wast Havan. Woodbndge
*\fa
ROUTINE ADVANCED LEVEL CARE
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7. Initiate cardiac monitoring; evaluate and document
the cardiac rhythm.
8. Treat the patient based on his/her condition and the
Information obtained, following appropriate patient
care protocol ts).
9. Monitor the patient's cardiac rhythm and check vital
signs frequently, preferably every five minutes or
as Indicated by the patient's condition.
10. Establish communication with the Emergency Department
staff and transmit an EKG if requested.
11. Transport the patient as directed by the Emergency
Department staff.
December 16, 1981
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ALGORITHM FOR ROUTINE ADVANCED LEVEL CARE
Pulse and/or respirations
present?
Airway Patent?
02, Oropharyngeal; or 02 if
Esophogeal Obturator needed
Airway or Endotracheal /
Tube /
Chest complaint?
Signs and Symptoms?
.^A:
Vital signs - record )
Mouth to mouth
resuscitation and/or
chest compression
Appropriate treatment
protocol
I.V. needed?
V
Surgical problems; __Y ^
hypovolemic '
Medical __! ;>
^1
Cardiac Rhythm? | ^_
LR
D5W
r^fTnlCP S0UTH central Connecticut
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CARDIAC ARRCST
If the patient has sustained trauma v ' h resulting hemorrhage, adapt the
following protocol to include the f o ; ;.>«vin<j:
- Establish and maint.i.n an airway without moving
the patient s neck
- Apply and inflate the MAr-.T
- Establish two I Vs of Lactatea Ringers running rapidly
if circumstances permit
- Treat any other life threatening injuries
- Keep the patient's treatment time in the field to a
minimum as in-hospi1al treatment is necessary for
increased possibility of successful resuscitation
I. Deliver an immediate precordial thump if arrest is witnesses and/,:'
monitored.
II. Initiate two person CPR, ventilating with 100 oxygen.
III. Evaluate the cardiac rhythm by monitor paddles ("quick look"'/
iA.J If the monitor paddles show ventricular fibrillation:
1. Defibrillate the patient immediately with 200 watt-seconds.
2. If V-Fib persists, continue CPR and immediately do'ibn faate
the patient again at 20n watt-seconos.
3. insert an esophageal obturator airway or an enoot.rrichpa',
tube, stopping CPR for no longer than 15 seconds.
4. Establish an I.V. of D'.i*. at 10 drops per minute with a 014-18
intracath and mini j-ip tubin.j.
5. Attach the patient to a cardiac monitor.
6. Administer Sodium Bicarbonate 100 mEq (2 amps) I.V. bolus
immediately and flush I.V. tubing.
7. Administer Epinephrine 1:10,000 0.5 mg. (5 ml) I.V. bolus
immediately.
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8. Re-evaluate cardiac rhythm without chest compressions for 74
5 seconds and if V-Fib continues, defibrillate at 400 watt-
seconds.-
9. Establish communication with the Emergency Department staff
and transmit an EKG if requested.
10. If the patient is successfully nof ibri Hated with a resulting
rhythm with a rate~oT_gV'e'a"tVr •u'f'Su" Ve~ats~~por minute and
other than a second or third degree heart block:
a. Administer Lidocaine 100 mg. I.V. push over two minutes
upon Emergency Department rtaff order.
1. Do not administer more than 225 mg. of Lidocaine in
15 minutes.
2. If the patient develops slurred speech, confusion,
twitching, seizures, paralysis or apnea, discontinue
the Lidocaine and administer D5W at 30 drops per minute.
b. Administer a Lidocaine drip I.V. (Lidocaine 2 gms. in S'-O
ml. D5to at 15-60 drops (1-4 mg.) per minute upon Emergency
Department staff order.
11. If the patient is not successfully defibrillated and remains in
V-Fib:
a. Implement further orders as given.
b. Monitor the patient's cardiac rhythm and CPR effectiveness.
c. Prior to transport, administer Bretylium Tosylate 500 mg
I.V. push unless this medication has already been administered
per M.D. orcfers-or specifically ordered by M.D. to not adminis
ter this medication.
12. Transport \he patient as directed by the Emergency Department staff.
!BJ* If the monitor paddles show asystole:
1. Insert an esopj}flgPa1 oht-ucaXor airway or an endotracheal tuoe, stopoing
CPR fo " no longer than 15 seconds.
2. establish an I.V. of D5W at 30 drops per minute with a //14-1S intra
cath and mini drip tubing.
3. Administer Sodium Bicarbonate 100 mEq (2 amps) I.V. bolus i --ornate y
and flush I.V. tubing.
4. Administer Epinephrine 1:10,000 0.5 mg. (5 ml) I.V. bolus mmediately
5. Attach the patient to a cardiac monitor.
6. Re-evaluatc the cardiac rhythm without chest compressions for i
seconds and continue CPR.
CARDIAC ARREST
7. If asystole continues, administer Calcium Chloride 1 gram
(10 ml) I.V. bolus immediately.
8. If asystole continues, evaluate pupillary size and reactivity
and administer Atropine 1 mg. I.V. bolus immediately.
9. Establish communications with the Emergency Department staff and
transmit an EKG if requested.
10. Implement further orders as given.
11. Monitor the patient's cardiac rhythm and CPR effectiveness.
ZJ If Electro-mechanical dissociation is present:
1. Insert an esophageal obturator airway or an endotracheal tube,
stopping CPR for no longer than 15 seconds.
2. Establ.sh an I.V. of D5W ot 30 drops per minute with a fafa,-fa,
intracath and mini drip tubing.
3. Attach the patient to j cardiac monitor.
4. Establish communication with the Emercency Department staff anrj
transmit an EKG if requested.
5. Administer Sodium Bicarbonate 100 mEq (2 amps) I.V. bolus upon
Emergency Department staff order .
6. Administer Epinephrine 1:10,000 0.5 mg. (5 ml) I.V. bolus upon
Emergency Department staff order.
7. Administer Calcium Chloride 1 gram (10 ml) I.V. bolus upon
Emergency Department staff order.
8. Re-evaluate the cardiac rhythm without chest compressions for
5 seconds and continue CPR.
9. Implement further orders as given.
10. Monitor the patient's cardiac rhythm and CPR effectiveness.
11. Transport the patient as directed by the Emergency Department
•staff.
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OVERDOSE/POISONING
I. Evaluate the mechanism of the overdose/poisoning.
A. If a narcotic overdose is suspected (for example, pinpoint pupils,
and/or slow and shallow respiration, and/or track marks and/or
needle marks visible):
1. Provide routine advanced level care (through step 7).
a. If restoration of adequate respiration by administering
Narcan is a reasonable expectation, insertion of an EOA
may be corrtraijidic»te4.
2. Administer Narcan 0.4 mg (1 ml) I.V. bolus.
3. Administer a second dose immediately if the patient's
respirations and consciousness are not restored.
4. Monitor the patient's cardiac rhythm and check vital
signs frequently, preferably every five minutes or as
indicated by the patient's condition.
5. Establish communication with the Emergency Department
staff and transmit an EKG if requested.
6. Transport the patient as directed by the Emergency Depart
ment staff.
B. If the conscious patient orally ingested a poison and/or
overdose:
1. Provide basic advanced level care (through step 7).
2. If vomiting is not contraindicated by the poison (for example:
lye, acids, petroleum distillates) and the time of ingestion
is within two hours.
a. Administer Ipecac 30 ml by mouth followed by at least
250 ml of water or saline.
3. Monitor the patient's cardiac rhythm and check vital signs
frequently, preferably every five minutes or as indicated by
the patient's condition.
4. Establish communication with the Emergency Department staff
and transmit an EKG if requested.
SM
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HEAD INJURY
Suspician and/or evidence of trauma with associated symptoms (history of and/or
altered level of consciousness and/or clear fluid or blood in ears and/or head
ache and/or changes in pupils).
SPINAL CORD INJURY
If multiple system trauma is suspected, treat the patient according to the
Multi System Trauma protocol.
I. Provide routine advanced level care (through ,tep 7)
A. Establish and maintain the patient's airway utilizing the
chin lift jaw thrust method. If necessary, utilize an oral
or esophageal obturator airway to maintain the airway.
1. Do not move the patient's neck.
2. If breathing is assisted, hyperventilate
the patient to 32 breathes per minute.
3. Prevent aspiration by suctioning secretions
as necessary. If the patient vomits, log roll
him/her on one side as a unit.
B. Evaluate the patient's neurologic status (for example:
evaluate pupils, motor and sensory response and level
of consciousness; utilize the Glascow Coma Scale.)
C. Immobilize the patient's spine utilizing a collar, preferably
a Philadelphia, on the neck, sand bags, and a long backboard.
Use of a backboard is recommended when moving the patient with
a spinal cord injury.
II. Evaluate and treat any major injuries.
III. Monitor the patient's cardiac rhythm and check vital signs and
neurological status frequently, preferably every five minutes
or as indicated by the patient's condition.
IV. Establish communication with the Emergency Department staff and
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April 14, 1982
MULTI SYSTEM TRAUMA
Pre-hospital care time must be kept to a minimum. In-hospital treatment
(for example: blood transfusions and surgery) is necessary for the patient
to have an increased possibility of recovery.
If pre-hospital care time (on-scene time plus transport time) is less than
10 minutes, treat the patient through and including step 11 F and transport.
Notification of the Emergency Department staff should occur.
I. Perform a primary survey of the patient. If possible, have one person
hold the head and neck in proper alignment until more definitive eval
uation and treatment may be performed. Do not move the patient un
less the patient and/or EMT is at risk for further injury or loss of life.
A. Evaluate the patient for airway, breathing and circulation.
1. If airway, breathing and/or circulation are absent:
a. Initiate pulmonary and/or cardiopulmonary resuscitation,
ventilating with 100« oxygen.
it. Establish and maintain the patient's airway utilizing
the chin lift/ jaw thrust method. If necessary, utilize
an oral or esophageal obturator airway to maintain the
airway. Do not move the patient's neck!
c. Treat the patient following the appropriate protocols.
2. If airway, breathing and circulation are present:
a. Maintain the patient's airway, if necessary, utilizing
the chin lift/ jaw thrust and/or oral or esophageal
obturator airway. Do not move the patient's neck!
B. Evaluate the patient for any arterial and/or serious venous bleeding.
1. Treat the bleeding, progressing through the following methods
if necessary:
a. Apply direct pressure and a pressure dressing.
b. Elevate the injured area, if possible.
c. Utilize the pressure point method.
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May 19, 1982
SHOCK
Evaluate the patient for both the cause and effect of shock as there are numerous
pathophysiologic bases for the condition. Based on the patient's condition and the
information obtained, treat him/her following the appropriate protocols.
I. Evaluate the patient for airway, breathing and circulation.
A. If airway, breathing and/or circulation are absent:
1. Initiate pulmonary and/or cardiopulmonary resuscitation.
2. Treat the patient following the appropriate patient care
protocols.
B. If airway, breathing and circulation are present:
1. Maintain the patient's airway if necessary utilizing
an oral airway or esophageal obturator__a_irway. Administer
oxygen.
II. Evaluate the patient for any arterial and/or serious venous bleeding.
A. Treat the bleeding appropriately.
II. Obtain the patient's vital signs.
A. If the systolic BP is 90 nmHg or more:
1. Administer oxygen via nasal cannula or mask.
2. Apply the Military Anti-Shock Trousers if there is potential
for rapid development of shock.
3. Conserve the patient's body heat by covering him/her
with a blanket, etc. if necessary.
4. Establish one or two I.V.s of Lactated Ringers, preferably
with #14-16 intracaths and titrate the rate to keep the
systolic BP greater than 90 mmHg.
5. Initiate cardiac monitoring; evaluate and document the
cardiac rhythm.
6. Monitor the patient's cardiac rhythm and check vital signs
and neurological status; preferably e\/ery five minutes or
as indicated by the patient's condition.
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PROTOCOL FOR ENDOTRACHEAL INTUBATION
South Central Connecticut
Emergency Medical Services Council, Inc.
(courtesy of Christopher C. Baker, M.D.)
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Endotracheal Intubation
I. Purpose and Objectives
A. To provide complete control of the airway.
B. To provide a high concentration of oxygen to the airway.
C. To prevent aspiration of gastric contents.
D. To prevent gastric distension when artificial ventilation is
required.
E. To provide direct access for the trachobronchial tree for
suctioning.
II. Indications
A. Airway management in respiratory arrest or respiratory
depression from any cause.
B. Airway management in cardiac arrest.
C. Airway control when frequent suctioning of the tracheobronchial
tree is required.
D. Airway control in patients with airway compromise (e.g. facial
trauma, decreased gag reflex).
III. Contraindications
A. Do not perform endotracheal (ET) intubation on a patient whose
upper airway is obstructed by a foreign body.
B. Do not perform ET intubation on a patient with a suspected neck
injury.
C. Do not perform ET intubation when it is not possible to place
the tube under direct visualization.
IV. Cautions
A. Endotracheal intubation is a secondary mode of airway control.
Patients with airway problems should be treated initially with
chin lift/jaw thrust methods, mouth to mouth resuscitation, and
ventilation with oxygen using bag-valve mask techniques.
ems
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B. When a patient is inadequately ventilated or oxygenated with
the esophageal obturatory airway (EOA), ET intubation must be
attempted and successfully completed with the EOA in place.
The EOA should be left in place since the vomitus that results
upon removal of the EOA is better managed with hospital suction
equipment.
C. In unconscious patients with head injury requiring airway
control, ET intubation can be attempted only if a second
individual can maintain in-line stabilization of the cervical
spine.
D. Intubation must be achieved in 15 seconds. Utilize other means
to ventilate the patient if more time is needed. If successful
ET intubation is not achieved with two attempts in two minutes,
the airway should be managed with the EOA.
E. Prepare suction equipment in advance since regurgitation
frequently occurs during ET intubation.
F. Auscultate both lungs and look for symmetrical chest expansion
to insure that:
1) the esophagus is not intubated;
2) the right mainstem bronchus is not intubated.
V. Equipment
A. Laryngoscope handle and blade with extras readily accessible.
B. Endotracheal tubes of various sizes (5,6,7,8,9 Fr) with 15 mm
adaptors.
C. Ten milliliter syringe.
D. Suction equipment (Yankauer suction tip).
E. Small smooth-jawed hemostat.
F. Surgical lubricant.
G. Magill forceps.
H. Malleable stylette.
I. O2 source and O2 tubing.
J. Bag-valve device or demand valve.
K. Oropharyngeal airway or bite block.
L. Adhesive tape.
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M. Inflate the cuff with 8 - 10 ml of air if tube is properly
placed.
N. Allocate ventilation to partner.
0. Insert an oral airway or bite block to prevent the patient from
biting down on the tube.
P. Tape tube securely in place, preferrably by running tape around
the neck and wrapping tube with each free end of tape.
Q. Re-evaluate chest rise and auscultate for bilateral breath
sounds following taping tube.
R. Do not interrupt oxygenation and ventilation any longer than 15
seconds to intubate. If unable to tube within the 15 second
period, back out and ventilate patient with 100% O2 for 30
seconds to one minute before trying again.
VI. Procedure
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A. Assure that adequate oxygenation and ventilation is in progress
prior to ET intubation (mouth to mouth or bag-mask).
B. Assemble all equipment and have readily accessible.
1. Connect laryngoscopy blade and handle and check the light.
2. Inflate the endotracheal tube cuff to check for leaks, then
deflate, keeping the syringe attached to the inflation port
with 8 - 10 ml of air in the syringe.
3. Lubricate the tube and maintain sterility of the tube.
4. If the endotracheal tube is not the desired contour, insert
the stylet and shape it to the desired configuration then
remove the stylet. The stylet should be lubricated to
assure easy removal.
5. Set up and check the suction equipment.
C. Have partner hyperventilate the patient with 100% 03 - one
ventilation per second for five ventilations is a good ratio.
Then ask rescurer managing ventilation process to assist with
ET intubation.
D. Properly place head and neck by flexing neck forwward and
extending the head backward. The occiput of the head should be
on the same horizontal plane as the back of the shoulders with
the neck somewhat elevated ("sniffing position").
E. Open mouth with finger scissor maneuver if necessary.
F. Hold the laryngoscope handle in left hand.
G. Insert laryngoscope blade in right side of mouth, moving tongue
to the left.
H. Following the natural contour of the pharynx, insert the
laryngoscope blade, visualizing the epiglottis. If a straight
blade is used, insert it below the epiglottis. If a curved
blade is used, hook it in the vallecula.
I. Exert upward traction on layngoscope handle exposing the vocal
cords and arytenoid cartilege (do not use teeth as a lever).
J. Insert the endotracheal tube gently through the vocal cords
into the upper trachea.
K. Remove laryngoscope, holding endotracheal tube in place.
L. Check for placement of the ET tube by mouth to tube or
bag-valve device, watch for symmetrical chest expansion and
auscultation all lung fields with stethoscope for bilateral
breath sounds. Auscultate over epigastrium for air entering
the stomach.
Appendix C
PATIENT ARTERIAL BLOOD GAS DATA
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Patient Arterial Blood Gas Data - Norwalk
Casett PH PC02 1 P02 HC03 %Sat
Survived
030 7.41 30 58 18 90
*132 7.36 40 111 22 98
167 7.18 55 33 20 49
*229 7.39 26 357 15 99
*233 7.48 26 236 19 99
244 7.50 21 226 16 99
266 7.11 47 523 14 99
272 7.43 23
I
581 15 99
1
Died
*020 7.72 28 111 35 99
029 7.40 46 38 28 71
082 7.09 92 *16 27 12
141 6.90 72 39 14 42
147 7.24 34 425 14 99
178 7.26 52 13 23 12
181 7.02 74 38 23 53
186 7.19 58 19 21 20
198 7.15 37 294 12 99
218 7.14 43 19 16 18
228 7.86 6
1
150 10 99
[*] = "adequate" ventilation (per AHA-ACLS) ( 77)
Patient Arterial Blood Gas Data - Yale
Case# PH IPCOJ P02 |HC03 %Satl JCasett PH |PC02 P02 |HC03 |%Sat! 1 1 1 1
Survived
006 7.18 42 429 15 99 117 6.96 98 20 21 14
007 6.82 73 84 11 79 119 6.95 92 48 19 40
010 7.53 102 40 86 82 122 7.48 47 372 35 99
022 7.18 30 49 11 73 161 7.24 45 168 18 99
*064 7.38 26 206 15 99 168 6.71 137 64 16 57
*068 7.42 25 214 16 99 185 6.99 121 76 27 84
*076 7.36 34 163 19 99 187 7.44 17 175 11 99
088 6.64 91 26 9 11 226 6.87 76 33 13 28
105 7.21 28 117 11 97 234 7.27 50 110 22 97
116 7.23 45
I i
358 18
1
99
1 1 11 1 1
Died
1 1 1
008 6.69 135 6.9 15 1.6 134 6.82 166 23 14 nr
Oil 6.90 118 15 23 7.8 138 7.38 100 10 25 8.4
015 6.65 162 13 16 4 148 6.85 226 32 36 25
017 7.12 92 38 29 53 153 6.88 118 80 21 81
025 7.07 87 14 24 v8.3 158 7.46 39 246 27 99
027 6.96 75 9 16 3.6 164 7.12 83 36 49 26
036 7.68 39 223 48 99 166 7.00 69 72 16 62
037 7.45 34 115 24 95 171 6.95 52 84 11 86
039 7.33 67 52 34 83 172 6.70 62 351 7 99
046 7.12 79 24 24 26 180 7.01 115 24 28 20
062 6.67 165 10 17 2.8 183 7.13 78 63 25 82
063 7.24 46 14 19 13 184 7.04 94 22 24 18
071 7.60 25 325 25 99 *188 7.29 31 191 14 99
081 6.91 121 12 2.5 52 193 7.08 60 23 17 22
085 7.29 46 28 22 45 207 7.18 64 61 26 83
087 7.04 87 41 22 52 211 7.11 74 39 23 54
089 7.33 23 94 12 96 *214 7.37 23 274 15 99
090 7.04 76 25 20 25 220 7.29 63 12 29 10
092 7.08 154 133 43 97 221 7.17 28 6.4 25 3
096 7.25 54 45 22 69 223 7.03 121 45 30 57
099 7.26 25 44 11 72 236 7.17 60 195 21 99
100 6.98 104 24 23 19 238 6.79 153 5 nr nr
106 7.05 82 15 22 10 252 6.96 95 37 20 40
*112 7.27 130 21 58 26 254 6.79 161 22 22 11
123 7.83 21 373 36 99 255 7.18 50 11 18 6.7
124 6.99 117 32 nr nr 267 7.06 105 21 28 18
125 7.08 44 53 12 71 269 7.39 20 242 12 99
126 6.99 124 12 26 6.1 271 7.12 100 41 31 58
127 7.37 38 67 22 92
[*] = "adequate" ventilation (per AHA-ACLS) ( 77 )
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